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AFSG  DH  2-1 
DN  3B1 

MECHANICAL  FLIGHT  CONTROLS 

1.  CABLE  ACTUATED  SYSTEMS 

Crowded  installations  and  identical  cable  connections 
contribute  to  the  possibility  of  cross-connecting 
control  cables.  Ensure  that  adjacent  cable  connections 
are  keyed,  sized,  or  sufficiently  different  so  that 
cross  connection  is  impossible.  Cable  linkages  tend 
to  become  slack  and  catch  on  nearby  objects.  Ensure 
that  cable  systems  and  their  components  are  compatible 
with  adjacent  structure  from  the  standpoint  of  wear, 
deflection,  or  durability  to  prevent  any  possibility 
of  creating  a  hazard  by  their  proximity.  Avoid  cable 
routing  near  systems  where  moving  contact  can  result 
in  fuel,  hydraulic,  or  electrical  failure.  Ensure 
that  a  mechanical  control  failure  (sudden  release  of 
cable  tension)  does  not  cause  control  transients 
in  excess  of  those  allowed  in  MIL-F-8785.  If  a  cable 
wear  problem  is  a  possibility,  consider  using  nylon 
clad  cables.  Design  coated  flight  control  cables  so 
that  subjection  to  cold  soaking  will  not  produce 
appreciable  stiffness  in  the  flight  controls.  Use 
MIL-W-5424  cables  for  flight  controls.  When  necessary, 


Chapter  3  -  Detail  Design 
Section  3B  -  Flight  Control 
Systems 
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Systems 

use  MIL-C-18375  non-magnetic  control  cables.  Provide  a 
3-inch  clearance  between  adjacent  cables.  U^^/MS2021'8 
MXZW6Q38yMMill£4/fyl/MYX4Mvt}Ltl/  Use  MIL-B-6038, 
MIL-B-6039,  MIL-B-7949  or  equivalent  bearings  in  bell- 
cranks.  See  MIL-F-9490  for  additional  information. 

Rat ionale  : 

The  MS20218  Bearing  is  of  special  design  to  be 
riveted  to  a  sheet  metal  bellcrank.  By  using 
specification  numbers,  the  manufacturing  apoli- 
cation  is  not  limited  to  specific  bearings. 

1.1.  Pulleys 

Provide  pulleys  of  adequate  capacity  and  diameter  to 
assure  optimum  cable  life.  A  pulley  too  small  for  a 
large  wraD  angle  causes  overstressing  of  the  cable  strands. 

/VM/M263  'eMX/Mdd) 
rfr(<i/tffl$Y08X  ' Eliminate  all  lateral  chuck  from 
pulleys.  Brackets  may  be  machined  to  a  maximum  of  0.010 
inch  lateral,  clearance  and  the  pivot  bolt  tightened  to 
remove  this  clearance.  Sheet  metal  brackets  should  have 
flanged  bushings  and  be  fabricated  so  the  clearance  at  the 
pivot  is  0.030  inch  maximum,  and  the  pivot  bolt  tightened 

n  < 
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this  motion  must  not  exceed  2°.  Limit  misalignment  due  to 

|  * 

catenary  effect  or  slackening  of  cable  by  using  cable 
guide  tubes  or  fairleads  placed  close  to  the  pulleys. 

1.1.4  Guards 

Install  guards  at  the  approximate  point  of  tangency  of  the 
cable  to  the  pulley.  When  the  wrap  angle  exceeds  90°, 
install  at  least  one  intermediate  guard. 

1.2  Fairleads  and  tumbuckles 

,  „  In  designing  cable  operated  systems,  consider  the  possibility 
of  structural  deflection  and  its  effect  on  attached 
components.  When  contact  is  likely,  use  fairleads  or 
rubbing  strips.  If  possible,  provide  a  cable  to  fairlead 
clearance  of  1 74  inch.  Use  MIL-T-8878  turnbuckles  in 
flight  control  systems.  Design  turnbuckle  end  fittings 
so  that  they  are  not  subject  to  a  bending  force  that 
can  cause  fatigue  failure  as  shown  in  SN  1.2(1).  Do  not 
expose  more  than  three  tnreads  at  the  ends  of  turnbuckle 
assemblies.  Safety  turnbuckle  assemblies  according 
to  MS33736 . 


f*  - 
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f  SUB-NOTE  1.1. 2(1) 

Standard  Pulleys 

DRAWING 

NO. 

ALLOWABLE 
LOAD  ON 
PULLEY 

IN  POUNDS 

USE 

MAXIMUM  LIMIT  LOAD  IN  POUNDS  ON  CABLE 
(Indtpendwit  of  Wrap  Anglo) 

CABLE  DIAMETER  (Inch) 

1/IS 

J/J2 

1/1 

S/32 

3/16 

7/32 

1/4 

MS20219 

-2 

480 

307 

460 

-3 

480 

Secondary 

307 

460 

-4 

920 

Control 

307 

460 

-5 

920 

Pulleys 

307 

460 

MS20220 

-1 

500 

830 

1,040 

1,250 

-2 

1.S80 

Flight 

830 

1,040 

1,250 

-3 

2,500 

Control 

£30 

1,040 

1,250 

-4 

2,500 

Pulleys 

830 

1,040 

1,250 

MS20221 

-1 

2,800 

Heavy  Duty 

2,620 

3,060 

3,500 

-2 

4,900 

Control 

2,620 

3,060 

3.500 

-3 

7,000 

Pulleys 

2,620 

3,060 

3,500 

MS24566 

-IB 

300 

-2B 

500 

-3B 

1,500 

Flight 

-4B 

2,000 

Control 

-SB 

3,000 

Pulleys 

-SB 

4,000 

-10B 

10,000 

-14B 

17,500 

d  =  the  cable  diameter 
c 

D  =  the  sheave  diameter 
s 

and  where  the  contact  angle  is  taken  at  180°,  as 
illustrated  in  Figure  1. 
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The  Figure  2  curves  of  the  number  of  bends  to  failure 


versus  the  ratio'  of  p  to  Su^fc  (ultimate  strength) 
indicate  that  failure  by  fatigue  is  unlikely  (N  >10^), 
if  p/Su^t  is  equal  to  or  less  than  0.001.  The  substitu 
tion  of  this  experimental  value  in  the  expression 


above  yields 


F  = 


d  D  S 
c  s 

2000 


ult 


relating  all  the  necessary  parameters  for  the  design 
of  a  cable  of  indefinitely  long  life. 


1 

Cables,  particularly  in  the  smaller  sizes,  may  be 
coated  to  improve  both  fatigue  life  and  wear  resistance. 
Nylon,  polyolefin,  vinly,  and  urethanes  are  used  in 
thicknesses  ranging  from  0.015  inch  on  a  1/32-inch 
cable  to  0.045  on  a  3/8-inch  cable.  Figure  3  gives 
typical  values  for  expected  life  under  design  conditions. 
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AFSC  DH  2-1. 
DN  3  El 


Ffc.  3  Fatipiic  life  cf  small  cables. - 7x7  cable,  nylon-iackctcd; 

- -  7x7  cable,  bare; - 7  x  19  cable,  nylon-jacketed; - - - 

7  X  19  cable,  bate.  Reprinted  from  /'ro.iuci  Oct.  10,  1966. 


The  relative  motion  of  the  wires,  particularly  during 
bending^  together  with  the  high  contact  stresses,  causes 
fretting  to  occ  r  at  points  where  fatigue  cracks  are 
observed  to  start  and  propagate.  If  corrosion  or  other 

:c< 
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unfavorable  operating  environmental  conditions  are 

also  involved,  fatigue  life  will  be  shortened  considerably. 

Rat ionale : 

Design  guide  for  cable  missing  from  section. 

2.  Tube  Actuated  Systems 
2.1  Push-Pull  r  ■  ds 

Stiff  idiift/iXiitiifi  /tr ' tXtfi /,  /t>4 / tHHH  '£6  /fv4bbirl^ 

iiftiit  /if  /  itHiivM/MXiitMf  /iitifUfitM/tt  /  iXififtM 

6t'MHt44tiMiX/X>4MMi/<it/t'ti4/t4&/&itii£,/ti£>M4X/4fi/4M/ 

vbi4.fl/  mififit '  Hffiftitiffi 'ii/XViiti /ti/iifiXii'fitM-ti/ 

tvlbirig  /if  /fiXid  4£  4  /4irii4rl4f£4///Z4  Xiritf/ 44444/ /fit tt/fiXl/ 

f444/4f4/644i4444/\fZfK/44£4yt4tf4/p6f£i444/£i/4XX4\t/Uf 

tititXiviiXMif  4^4444 /4f/4££44W4i£/4ii4£  4/  Suff  icient 

clearance  should  be  designed  into  push-pull  rod 

systems  to  permit  structural  deflections  of 

supports  and  joints.  Push-pull  components  of 

the  flight  control  system  must  be  located  in  their 

most  optimum  position  in  relation  to  other  aircraft 

subsystems  including  the  structure.  If  a  push-pull 

rod  is  design  unsymmetrically ,  incorrect  installation  can 

cause  control  system  jamming.  Design  the  rod  so  that  it 

cannot  be  installed  incorrectly.  Route  push-pull  rods 

through  structural  openings  *vith  sufficient  clearance 

51< 
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to  avoid  the  possibility  of  their  jamming  at  the  end 
fitting  during  structural  deflection. 

/6t/M4/M&/&t/$tt/tM46/L  The  lever  and 
bellcrank  system  should  be  so  designed  that  the  push-pull 
rods  carry  the  minimum  compressive  loads.  Ensure  that 
self -aligning  bearings  have  freedom- of -movement  at  all 
times . 


12< 
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AFSC  DH  2-1 
DN  3B1 


SUB-NOTE  1.1. 3(1)  Cable  Pull 


PULLEY  PLANE  - 


PULLEY  CEXTEMJNC 
VERTICAL  PLANE 


PULLEY  plane 


I 


cen4* 

LINE 


.  2*  CABLE 
PULL  OFF 


PULLEY  PUNE 
-PULLEY  CENTER  UNE 


-  PUULEY  PUNE 


r — 1 


PULLEY  CENTER  UNE 
K  V  CABLE  PULL  OFF 
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2.2  Rod  Ends 

When  the  length  adjusting  portions  of  the  rods  are 
designed  with  sharp  V-threads,  rod  ends  exposed  to  vibration 
fail  frequently.  Stress  concentrations  occur  in  the  thread 
roots  resulting  in  eventual  fatigue  failure.  Rounded  threads 
or  threads  with  rounded  roots,  as  specified  in  MIL-S-8879, 
are  better  suited  for  this  type  of  service.  Bushings  are 
preferred  to  spacers  in  rod  end  fittings  (see  SN  2.2(1)). 
Often  spacer  installation  is  neglected  during  maintenance. 

iyldd  / 1  d/MXXM f  &&&/%#/? /ZHUK/  When  hollow  rod  ends 
are  riveted  into  tube  ends  the  maximum  unsupported  shank 
length  should  not  exceed  1  1/2  times  the  rivet  diameter. 

The  driven  rivet  tends  to  buckle  inside  the  hollow  rod 
ends  as  shown  in  SN  2.2(2).  Some  ways  of  eliminating 
this  problem  may  be  (a)  use  shear  bolts,  (b)  use  non- 
driven  type  rivets,  (c)  use  solid  rod  ends.  This  problem 
can  be  averted  by  threading  the  tube  and  bonding  a  rod 
end  in  place.  However  control  of  the  tube  wall  thickness 
(during  swaging)  must  be  maintained  and  thread  form  per 
MIL-S-8879  is  preferred.  Steel  tubes  are  difficult  to 
thread  and  usually  must  be  cut. 
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Rationale : 

Usi^g  rivets  for  attaching  end  connections  is  an 
old  «nd  unreliable  method,  mostly  because  the  shank  ' 
is  unsuDported.  Bolts  are  acceptable  for  low 
quantity  items  but  are  too  expensive  for  large 
quantities.  Bolts  should  have  special  washers  to 
provide  surface  contact  over  round  tube. 

2.3  Torque  Tubes 

Design  torque  tube  systems  giving  consideration  to: 

(1)  airframe  deflections,  (2)  expansion  by  temperature 
differences,  (3)  impact  loads,  (4)  ease  of  removal 
for  repair,  and  (5)  attachment  bolt  size.  Insufficient 
clearance  around  rotating  tubes  can  cause  excessive  wear 
and  eventual  breakage.  Provide  torque  tube  clearances 
for  maximum  structural  deflections.  Mount  tubes  on 
antifriction  bearings  sDaced  to  prevent  whipping  or  bending. 
Do  not  use  tubing  with  a  wall  thickness  less  than  0.035  inch. 


AFSC  DH  2-1 
DN  3B1 
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SUB-NOTE  1.2(1)  Fatigue 
Failure  Turnbuckle 


SUB-NOTE  2.2(1)  Benefit 
of  Bushings  for  Rod  End 
Installation 


WASHER  AND  SPACER  INSTALLATION 

POSSIBILITIES  OF  INCORRECT  INSTALLATION  USING 
WASHERS  AND  SPACERS: 


SPACER  MISSING 
ON  ONE  SIDE 


INTERMITTENT  MISALIGNMENT- 
(ECCENTRICITY)  OF  CABLE 
CONNECTION  CAUSED  FATIGUE 
FAILURE  IN  FITTING 


DEGREE 

OF 

MISALIGNMENT 


BOTH  SPACERS 
INSTALLED  ON 
ONE  SIDE 


FATIGUE  FAILURE  OCCURRED  IN 
WEAKEST  TURNBUCKLE  FITTING 


BOTH  SPACERS 
OMITTEO 


BUSHING  INSTALLATION 


BUSHINGS 


BY  PROVIDING  THE  FITTINGS  WITH  BUSHINGS. 
OMISSION  OR  MISPOSITION  OF  PARTS  IS  ELIMINATED. 


3.  POWER  TRANSMISSION 

Design  powershafts  so  that  the  shear 
strength  is  greater  than  that  of  the  driving 
and  the  driven  section.  Support  shaft  over 
36  inches  long  at  intervals  along  the 
entire  length  of  the  shaft  and  at  both 
ends.  Mount  gearboxes  so  that  the  only 
misalignment  that  can  occur  will  be  from 
relative  motion  of  the  driving  and  driven 
components  if  such  relative  motion  is 
possible  (see  MIL-G-6641).  Provide  flex¬ 
ible  or  universal  joints  to  prevent  ex¬ 
cessive  forces  being  applied  (see  DH  1-2, 
Sect  4C). 


SUB-NOTE  2.2(2)  Example  of 
Why  Shear  Bolts  are  Preferred 
When  Installing  Rod  Ends 


FATIGUE  FAILURE  OCCURRED- 
IN  BENT  RIVETS 
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A.  Self -Retaining  Bolts 

Use  self -retaining  bolts  (SRB)  conforming  to  MIL-B-83050 
in  all  critical  flight  control  linkage  joints.  A  linkage 
joint  is  defined  as  critical  if  it  meets  both  of  the 
following  requirements: 

a.  Separation  could  prevent  pilot  control  of  the 
aircraft  resulting  in  flying  qualities  less 

than  Level  3  as  defined  in  MIL-F-8785.  (Separation 
in  this  requirement  involves  any  flight  control 
including  mechanical  connections  between  the 
crew  station  manipulators  and  primary  control 
moment  producers,  connections  of  secondary 
flight  controls  such  as  flaps  and  slats,  and 
connections  of  any  augmentation  devices.) 

b.  If  the  linkage  joint  requires  disassembly 

to  perform  any  aircraft  field  maintenance,  or 
rigging  on  the  flight  control  systems,  or  to 
provide  access  for  maintenance  on  other 
subsystems . 
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5.  Bearings. 

The  bearings  utilized  in  flight  control  systems  are  of  the 
following  types: 


Needle  Roller 

MIL-B-3990 

Airframe  Ball  Bearings 

MIL-B-7949 

Rod  End  Ball  Bearings 

MIL-B-6038 

Rod  End  Ball  Bearings 

MIL-B-6039 

Rod  End  TFE  Lined  Bearings 

MIL-B-8948 

Plain  TFE  Lined  Bearings 

MIL-B-8942 

Plain  TFE  Lined  Bearing 

MIL-B-81820 

Sleeve  Plain  and  Flanged 
Bearings 

MIL-B-8943 

In  flight  control  system  application,  bearings  are 
characteristically  lightly  loaded,  operating  intermit¬ 
tently  at  low  speed  over  few  or  partial  revolutions 
(cyclic  and  oscillatory  motion).  The  environment 
includes  a  wide  range  of  temperature,  humidity,  and 
vibration.  Sand  and  dust  is  particularly  deleterious 
to  utility  vehicles  such  as  helicopters.  These 
environmental  factors  particularly  affect  life  and 
necessitate  the  use  of  adequate  seals  to  keep  lubricant 
in  and  dirt  out. 
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i 

I 

A  multitude  of  load,  life,  and  speed  capacities 
combinations  available  provide  the  designer  with  a 
wide  latitude  for  choosing  configurations  and  it  is 
not  often  that  a  design  needs  to  be  modified  by 
bearing  restrictions.  To  provide  these  capacities, 
bearings  hav  a  become  assemblies  of  relatively  high 
precision,  which  are  therefore  more  susceptible  to 
damage. 


y  • 


17 


CHAP  6  -  AIRFRAME  BEARINGS  AFSC  DH  2-1 

SECT  6A  -  BEARING  SELECTION  DN  6A2 

AND  SIZING 


l  5 


DESIGN  NOTE  6A2 


BEARING  SIZING 


i 


1.  STATIC  CAPACITY 

The  next  step  Is  to  determine  the  proper 
size,  fa  many  airframe  applications,  the 
ability  of  the  bearing  to  accept  momentary 
loads  greater  than  the  normal  operating 
load  (when  the  bearing  is  stationary  or 
starting  to  move)  is  the  primary  consideration 
in  sizing  the  bearing.  The  ability  of  the 
bearing  to  accept  these  loads  is  known  as 
the  static  capacity  and  is  listed  in  DN  6F2 
for  each  size  of  airframe  bearing.  Sub-Notes 
1(1)  and  1(2)  compare  various  rolling  element 
bearings  based  on  static  capacity  and  out¬ 
side  diameter.  Bushings  can  be  sized  by 
determining  the  projected  area  and  from 
this  (Eq  1)  the  unit  loading  (Eq  2): 


Projected  area,  in2=diameterx  length 

(Eq  1) 


Due  to  shaft  bending  in  large  length-to- 
diameter  ratio  bushings,  only  a  portion  of 
the  shaft  will  be  in  contact  with  the  bearing 
surface.  Therefore,  in  computing  the  effective 
projected  area,  the  length  used  in  computation 
should  not  exceed  the  bushing  diameter  even 
though  (in  actuality)  the  length  of  the  bushing 
may  exceed  the  diameter. 


Unit  load,  psi  = 


total  load  on  bushing,  lb 
projected  area,  in2 

(Eq  2) 


The  unit  loading  should  not  exceed  the  static 
capacity  ratings  of  the  various  bushing 
materials  shown  in  DN  6B4,  SN  1.1(1).  A 
slightly  different  method  of  calculating  the 
effective  projected  area  of  TFE  bushings  is 
used  in  MS21240  and  MS21241  (see  DN  6F2, 
SN  6(5)  and  SN  6(6). 


Comment:  Static  capacity  curves  should  be  in  distributional 
form  for  design  for  reliability. 
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2.  DYNAMIC  CAPACITY 


After  a  tentative  selection  has  been  made 
on  the  basis  of  static  capacity,  the  size 
selected  must  be  reviewed  to  determine 
If  it  has  adequate  life  for  the  rotation  or 
oscillation  desired.  If  loads  are  primarily 
radial,  they  can  be  used  directly  in  the 
life  versus  load  curves  shown  for  rolling 
element  bearings.  If  an  appreciable  thrust 
component  is  present,  in  addition  to  the 
radial  load,  an  equivalent  radial  load  must 
be  calculated,  using  the  method  outlined 
in  DN  6B1.  Methods  are  also  given  for 
calculating  the  average  load  if  the  dynamic 
load  varies  appreciably  during  the  life  of 
the  bearing.  Bushings  selected  on  the  basis 


of  static  load  limits,  if  used  in  dynamic 
applications,  must  also  be  reviewed  to  be 
sure  that  the  desired  wear  rate  is  compatible 
with  the  unit  loading  on  the  bushing.  If 
the  wear  rate  is  too  high,  the  unit  loading 
on  the  bearing  must  be  reduced  by  making 
the  projected  area  of  the  bushing  larger. 
The  length-to-diameter  ratio  of  the  bushing 
should  not  exceed  2:1  if  excessive  edge 
loading  of  the  bushing  due  to  shaft  bending 
is  to  be  avoided.  Unit  load-life  curves  are 
available  for  bronze  bushings  and  TFE -lined 
bushings  (see  DN  6F2,  Para  6).  No  standard 
load-life  relationships  have  been  developed 
for  dry  film-lubricated  bearings,  due  to 
the  large  variation  in  life  that  can  occur 
because  of  differences  in  application  and 
dry  films  used. 
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DESIGN  NOTE  6A3 


1.  MATERIAL  SELECTION 

Standard  bearings  made  of  E52100  and  4130 
steels  begin  to  lose  their  hardness  when 
temperatures  over  3509F  are  encountered 
for  periods  of  time  exceeding  one  hour 
(see  DN  6D1).  Therefore,  it  may  be  neces¬ 
sary  for  the  design  engineer  to  use  a  bear¬ 
ing  employing  other  than  standard  materials. 
In  this  case,  a  bearing  specialist  should 
be  consulted,  if  possible.  However,  if  it 
is  necessary  for  the  design  engineer  to 
specify  a  high  temperature  bearing,  the 
following  guidelines  should  be  followed: 

a.  Bearings  of  high  temperature  metallic 
materials  can  be  constructed  using  standard 
MS  configurations  and  dimensions. 

b.  Rolling  element  and  plain  bearings  of 
44 0C  steel  are  available  from  manu¬ 
facturers.  When  lubricated  with  high  tem¬ 
perature  greases  and  dry  film  lubricants 


HIGH  TEMPERATURE  CONSIDERATIONS 


these  bearings  can  be  used  to  approximately 
600*F. 

c.  When  bearings  with  higher  temperature 
capabilities  than  600°F  are  desired,  consult 
the  list  of  high  temperature  materials  in 
DN  6D1.  In  addition,  a  number  of  high 
temperature  bearings  are  Illustrated  in  DN 
6F1  together  with  performance  data.  Bear¬ 
ings  similar  to  these  high  temperature  de¬ 
signs  can  be  selected  using  the  same  ND2 
(where  N  *  no.  of  balls  andD  3  ball  diameter) 
values  or  unit  loads  to  obtain  a  life  similar 
to  that  of  the  bearings  shown. 


2.  LOADS 

The  values  obtained  in  load  spectrum  tests 
can  be  used  as  the  basis  for  static  limit 
loads.  A  value  of  75%  of  the  average  failure 
load  obtained  in  dynamic  load  spectrum 
tests  is  generally  a  safe  limit  load. 

However,  safe  limit  loads  should 
be  selected  for  a  target  relia- 
bility  utilizing  the  failure 
overning  strength  and  stress' 
istributions  respectively. 
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Design  Note  6B1,  Ball  Bearings 


1.  STATIC  CAPACITY 

The  static  limit  load  ratings,  given  on 
the  pages  accompanying  each  MS  series 
bearings,  represent  the  standards  adopted 
by  the  Anti-Friction  Bearing  Manufacturers’ 
Association  (AFBMA)  (see  Ref  26)  and  the 
military  services.  The  radial  static  limit 
load  (SLr)  ratings  for  ball  bearings  are 
based  on  the  formula: 

SLr  =  K  x  N  x  D2  (Eq  1) 

where 

K  =  design  factor 

N  =  number  of  balls 

D  =  ball  diameter,  in. 

Allowable  "K”  factors  are  10,000  for  deep 
groove  bearings,  4800  for  single-row  self¬ 
aligning  bearings,  3800  for  double -row  self¬ 
aligning  bearings,  and  3200  for  rod -end 
bearings.  The  static  limit  load  can  be  applied 
to  the  bearing  for  a  sbo:  •.  period  of  time 
without  affecting  the  smooth  operation  or 
endurance  under  the  normal  loads  and  os¬ 
cillatory  motion  encountered  in  airframe 
applications.  The  minimum  static  fracture 
load  (where  an  actual  breakage  of  the  bearing 
occurs)  is  not  less  than  1.5  times  the 
static  limit  load  and  may  be  three  to  four 
times  this  value.  Axial  static  capacity  varies 
from  approximately  50  to  60%  of  radial 
capacity  for  nonself-aligning  ball  bearings 
and  13  to  20%  for  self-aligning  types.  Both 
axial  and  static  capacities  can  be  found 
in  the  data  following  the  MS  series  of 
bearings  in  Sect  6F. 

Comment:  Static  capacities  should 
be  presented  in  statistical 
distribution  form  indicating  para¬ 
meters  and  values. 
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DESIGN  NOTE  6B1 

2.  DYNAMIC  CAPACITY 


The  basic  dynamic  capacity  of  an  airframe 
bearing  is  the  constant  radial  load  at  which 
10%  of  the  bearings  tested  will  fail  through 
fatigue  of  the  ball  or  race  material  within 


2000  cycles.  A  cycle  is  defined  as  either 
one  slow  rotation  (<100  rpm)  or  as  a  90* 
rotation  from  a  fixed  point  and  return. 
However,  any  degree  of  oscillation,  more 
than  the  angular  ball  spacing  of  the  bearing, 
can  be  considered  one  oscillatory  cycle. 
If  a  bearing  life  of  more  than  2000  cycles 
is  desired,  the  constant  radial  load  must 
be  reduced  to  values  below  the  basic  dynamic 
capacity.  The  dynamic  capacity  of  an  air¬ 
frame  ball  bearing  at  other  than  2000  cycles 
can  be  obtained  from  the  equation: 


DL  -  ~~ 
lL 


(Eq  2) 


where 

DL  *  the  dynamic  capacity  desired 
C  3  basic  dynamic  capacity  from  data 
sheets  accompanying  each  MS 
series  of  bearings 
Ll  3  life  factor  from  SN  2(1) 


BALL  BEARINGS 


The  basic  dynamic  capacity  is  based  on 
the  inner  race  moving  and  the  outer  race 
stationary.  If  the  inner  race  is  stationary 
and  the  outer  race  is  moving,  the  dynamic 
capacity  should  be  divided  by  1.20.  Load- 
life  curves  for  MS  bearings  have  been 
computed  using  the  formula  in  Eq  2  and 
can  be  found  after  the  basic  sheet  describing 
each  series  of  MS  bearings  in  Sect  6F. 
However,  the  fatigue  load-life  data  given 
in  conjunction  with  the  MS  series  of  standard 
bearings  is  Invalid  under  the  following  con¬ 
ditions: 

a.  Where  airframe  bearings  are  rotated 
over  100  rpm 

b.  Where  angles  of  oscillation,  smaller 
than  the  angle  of  ball  spacing  are  being 
imposed  on  the  bearing. 

However,  safe  limit  loads  should 
be  selected  for  a  target  relia¬ 
bility  utilizing  the  failure 
governing  strength  and  stress 
distributions  respectively. 
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3.  EQUIVALENT  RADIAL  LOAD 

It  is  sometimes  desired  to  determine  the 
equivalent  radial  load  experienced  by  a 
bearing  operating  for  various  portions  of 
life  at  various  loads.  The  equivalent  radial 
load  (Pr)  is  equal  to: 

pr  *  [lf(pp3'6]  1/3,6  <Eq3) 

where 

Pr  *  equivalent  radial  load,  lb 

f  «  fraction  of  time  spent  at  Fr  condition 

F  *  radial  load,  lb. 
r 

As  an  example,  a  bearing  has  a  load  of 
1900  lb  applied  for  5%  of  the  time,  1200  lb 
applied  for  40%  of  the  time,  and  700  lb 
for  55%  of  the  time.  The  equivalent  load 
on  the  bearing  is: 

P,  *  [0.05(1900)3'6  +  0.40(1200)3,6  + 
0.55(700) 3" 6 J  l/3‘6  *  1100  lb. 

The  equivalent  radial  load  is  used  in  con¬ 
nection  with  the  load-life  curves  following 
the  MS  series  of  bearing.  In  no  case  should 
the  radial  loads  exceed  the  radial  limit 
load  value  of  the  bearing. 

Comment:  Source  of  equation 
should  be  stated;  prefer 
accumulative  damage-type 
equation.  , 


4.  MOMENT  LOADING 

In  some  cases  a  moment  or  overturning 
load  is  present  in  an  airframe  bearing 
application.  This  moment  loading  should  not 
exceed  the  limit  moment  rating  given  for 
each  nonself-aligning  bearing  in  the  MS 
series.  Self -aligning  bearings  are  not  de¬ 
signed  to  carry  any  moment  loading. 


5.  COMBINED  LOADING 

An  airframe  bearing  may  be  subjected  to 
radial,  axial,  and  moment  loading  at  the 
same  time.  It  is  then  necessary  to  calculate 
the  equivalent  thrust  load  and  to  determine 
the  proper  size  bearing  by  a  comparison 
of  the  calculated  equivalent  load  and  the 
limit  thrust  loads  (found  on  the  data  sheets 
in  Sect  6F).  The  equivalent  thrust  load  (Pa) 
is  calculated  from  the  formula: 


Thrust  Limit  Load  _ 
Radial  Limit  Load  r 


+  F  +KM  xM 
a  M 

(Eq4) 


where 

F„  =  radial  load,  lb 
r 

F  =  thrust  or  axial  load,  lb 

A 

Km  =  moment  constant  (obtained  from 
data  following  each  MS  series  of 
bearings) 

M  =  moment,  in-lb. 


rs< 


6 


CHAP  6  -  AIRFRAME  BEARINGS 
SECT  6B  -  LOAD  RATINGS 

DESIGN  NOTE  6B2 


AFSC  DH  2-1 
DN  6B2 

ROLLER  BEARINGS 


1.  NEEDLE  ROLLER  BEARINGS 

1.1  Aircraft  Static  Capacity 

The  Aircraft  Static  Capacity  (ASC)  listed 
in  DN  6F2  for  the  MS  series  bearings 
is  based  on  the  rolling  elements  of  the 
bearing  only.  For  properly  housed  bearings, 
the  ASC  corresponds  to  the  ultimate  or 
static  fracture  load  rating.  The  limit  load 
or  working  load  rating  is  two -thirds  of 
the  ASC.  Airframe  designers  commonly  use 
the  terms,  “limit  load  rating’ *  and  “ulti¬ 
mate  or  static  fracture  load  rating.’’  The 
limit  load  rating  (or  working  load)  can  be 
defined  as  the  maximum  radial  load  which 
can  be  applied  to  a  bearing  in  airframe 
applications.  The  ultimate  or  static  fracture 
load  rating  is  not  less  than  1.5  times  the 
limit  load  rating  and  may  be  several  times 
greater.  The  ASC  for  all  needle  bearings 
with  the  exception  of  the  NCC  type  is  com¬ 
puted  from  the  formula: 

ASC  «  12.000  x  L  x  D  x  (N-3)  (Eq  1) 
where 

ASC  *  Aircraft  Static  Capacity,  lb 
L  *  roller  contact  length,  in. 

D  -  roller  diameter,  in. 

N  ■  number  of  rollers. 

The  limit  load  for  the  NCC  series  (MS24462) 
is  computed  from: 

SL  *  7900  x  L  x  Dp  (Eq  2) 

where 

SL  *  limit  load  capacity,  lb. 

°P  *  pitch  diameter  in  Inches  (distance 
from  roller  center  to  roller  center 
across  bearing) 

L  *  roller  length  in  contact  with  race, 
in. 

Needle  bearings  are  not  capable  of  handling 
thrust  loads. 

Comment:  Static  capacity  distri¬ 
bution  preferred.  The  relia¬ 
bility  goal  associated  with  load 
ratings  should  be  defined. 


1.2  Dynamic  Capacity 
and  Load  Life 

The  life  of  the  bearing  (when  failure  is 
due  to  fatigue)  can  be  determined  from 
the  basic  dynamic  capacity  and  the  life 
factor  relationship  shown  in  SN  1.2(1).  The 
maximum  load  for  ny  life  can  be  deter¬ 
mined  by  the  relation.  'hip: 


where 

DL  *  maximum  load  (for  given  life) 

C  3  basic  dynamic  capacity  from  the 
graphs  in  DN  6F2 
Ll  =  life  factor  from  SN  1.2(1). 


Comment:  Distributional 
Dynamic  Capacity  curves  preferred 
for  reliability  design. 

1.3  Equivalent  Radial  Load 

It  is  sometimes  desired  to  determine  the 
equivalent  radial  load  experienced  by  a 
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bearing  operating  for  various  portions  of 
life  at  various  loads.  The  equivalent  load 
is  equal  to: 

Pr  -[lf(Fr)10/3]  3/10  <Eq4) 

where 

Pr  *  equivalent  radial  load,  lb 
f  «  fraction  of  time  spent  at  Fr  con¬ 
dition 

Fr  *  radial  load,  lb 


The  equivalent  radial  load  is  used  in 
connection  with  the  load  life  curves  following 
the  MS  series  of  bearing.  In  no  case  should 
the  radial  loads  exceed  the  Indicated  limit 
load  (working  load)  value  of  the  bearing. 

I  Comment :  Prefer  cumulative 
damage  curves. 

2.  TRACK  ROLLERS 


2.1  Static  Capacity 

Certain  needle  bearings  are  fitted  with  thick 
chrome-plated  outer  races  and  are  designed 
to  be  used  as  track  rollers.  Because  the 
outer  race  is  unsupported  by  a  housing, 
the  static  capacity  of  the  bearing  as  a  track 
roller  is  considerably  less  than  the  same 
needle  roller  unit  used  as  a  bearing  with  a 
supported  outer  race.  The  track  roller 
capacities  of  the  MS24465,  MS24466  and  NAS 
562  series  are  given  in  Sub-Notes  3(5),  3(6), 
and  3(7)  in  DN  6F2.  Another  factor  in  the  use 
of  track  rollers  is  the  capacity  of  the  sup¬ 
porting  track  to  resist  indentation  by  the 
track  roller.  The  load  on  the  roller  that  the 
track  can  support  (a  180,000  psi  UTS,  Rc  =  40 
track)  is  considerably  less  than  the  capacity 
of  the  needle  bearing  as  a  track  roller.  When 
using  a  180,000  psi  (or  less)  tensile  sheet 
track,  the  track  capacity,  given  on  the  MS 
or  NAS562  data  sheets,  is  the  determining 
static  capacity  factor  rather  than  any  char¬ 
acteristic  of  the  bearing.  The  track  capacity 


can  be  increased  by  hardening  the  track  or 
conversely  if  the  track  is  made  of  aluminum 
or  steel  softer  than  Rc  =  40  the  capacity  will 
be  reduced.  The  relationship  between  track 
hardness  and  capacity  is  shown  in  SN  2.1(1). 


2.2  Dynamic  Capacity 

The  dynamic  capacity  (load-carrying  ability 
while  rotating)  versus  life  relationship  is 
shown  in  DN  6F2  on  the  graphs  for  the 
MS24465  bearings,  for  the  MS24466 bearings, 
and  for  the  NAS562  cam  followers.  Use  these 
graphs  to  determine  the  load  life  relationship. 

A  limiting  value  is  shown  on  the  load  life 
graph. 

Comment:  Dynamic  capacity  curves 
preferred  in  distributional  form. 

3.  CONCAVE  AND  BARREL 
ROLLE.t  BEARINGS 


3.1  Static  Capacity 

The  radial  static  capacity  of  both  single- 
and  double-row  self-aligning  concave  and 
barrel  roller  bearings  is  given  by  the  fol¬ 
lowing  formula: 

SLr  =  12,000  x  N  x  D  x  L  x  cos  a 
where 

SLp  *  radial  static  capacity,  lb 
N  =  number  of  rollers 
D  *  mean  roller  diameter,  in. 

L  *  roller  contact  length,  in.  (area  in 
contact  with  race,  excluding  end 
radii) 

a  roller  inclination  angle  to  bore 
axis 


The  axial  static  capacity  ranges  from  30% 
of  the  radial  static  capacity  for  single-row 
bearings  to  a  high  of  72%  for  some  of  the 
wide  series  double-row  bearings.  It  is 
difficult  to  compute  static  capacities  of  self- 
aligning  roller  bearings  without  a  thorough 
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knowledge  of  the  bearing  geometry.  How¬ 
ever,  radial  and  axial  static  capacities 
are  given  In  the  MS  bearing  data  sheets 
In  ON  6F2,  Sub-Notes  4(1)  through  4(4). 
The  fracture  load  Is  at  least  1.5  times 
the  limit  load.  See  Ref  111  for  additional 
Information. 

Comment:  Static  capacity  j 
needed  in  distributional 
form. 


3.2  Dynamic  Capacity 

Load-life  relationships  follow  the  equation 
graphed  in  DN  6B1,  SN  2(1).  The  dynamic 
capacity  Is  the  Bio  life  at  2000  cycles 
(shown  on  the  MS  bearing  sheets  In  DN  6F2, 
Sub-Notes  4(1)  through  4(4). 
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DESIGN  NOTE  683 


SPHERICAL  BEARINGS 


1.  TFE-LINED  SPHERICAL 
BEARINGS 

1.1  Loads 

Axial  and  limit  static  load  values  are  given 
In  DN  6F2,  Sub-Notes  5(1)  through  5(4). 
Qualification  loads  are  defined  in  MIL-B- 
81820  as  follows: 

a.  The  radial  static  limit  load  is  that  load 
(when  applied  for  two  minutes  to  the  bearing) 
which  will  not  cause  a  permanent  set  of 
more  than  0.003  in. 

b.  The  axial  static  limit  load  is  that  load 
(when  applied  for  two  minutes  to  the  bearing) 
which  will  not  cause  a  permanent  set  of  more 
than  .005  inch. 

c.  The  ultimate  load  (sometimes  called  the 
fracture  load)  occurs  when  a  load  1.5  times 
the  limit  load,  radial  or  axial,  is  applied 
to  the  bearing  without  resulting  in  ball  or 
race  fracture  or  ball  push-out. 

Comment:  Limit  load  should  be  I 
defined  in  terms  of  reliability.) 

1.2  Load-Life  Relationships 

Load-life  relationships  of  TFE-lined  plain 
spherical  bearings  are  not  as  well  character¬ 
ized  as  those  of  rolling  element  bearings. 
The  normal  mechanism  of  failure  of  TFE- 
lined  bearings  is  a  gradual  wearing  out  of 
the  TFE  lining.  This  wear  is  more  rapid 
when  movement  is  first  started  and  gradually 
decreases  in  rate  until  very  low  values  are 
reached  near  the  end  of  the  bearing  life.  A 
maximum  wear  of  .0045  inch  has  been 
selected  for  rating  TFE-lined  spherical  bear¬ 
ings.  Qualification  tests  described  in  MIL- 
B-81820  are  based  on  this  figure.  Bearings 
qualified  under  this  specification  must  pass 
an  oscillation  load  test  of  25,000  cycles 
(±25*,  10  cpm)  at  loads  listed  in  the  MS 


specifications.  These  oscillating  load  test 
values  can  be  found  in  DN  6F2,  Sub- Notes 
5(1)  through  5(4).  To  determine  the  life  of 
a  TFE-lined  bearing  under  all  conditions 
found  in  aerospace  applications,  consider  the 
following  factors: 

a.  Load 

b.  Angle  of  oscillation 

c.  Projected  area  of  race  on  ball  (bearing 
size) 

d.  Speed  of  oscillation 

e.  Temperature 

f.  Contamination  with  hydraulic  and  deicing 
fluids. 

Because  of  the  numerous  factors  involved 
in  the  prediction  of  bearing  life,  no  com¬ 
prehensive  methods  of  calculation  are  avail¬ 
able  that  are  applicable  to  all  makes  of 
bearings  and  that  take  into  account  the 
temperature  of  the  application.  Some  manu¬ 
facturers  of  spherical  bearings  have  devel¬ 
oped  methods  for  calculating  life  under 
various  conditions.  These  methods  can  be 
found  in  the  manufacturers’  literature. 

Comment:  S-N  or  L-N  curves, 
distributional  form,  needed. 

1.3  Unit  Load 

The  unit  load  (psi)  is  a  convenient  method 
of  comparing  the  load  on  spherical  bearings 
of  different  sizes.  The  unit  load  is  based 
on  the  projected  area  of  either  the  bore 
or  the  outer  race  on  the  ball,  depending  on 
the  location  where  movement  is  takingplace. 


0* 
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CHAP  6  -  AIRFRAME  BEARINGS 
SECT  6B  -  LOAD  RATINGS 


For  a  given  load,  L,  the  unit  loading  la 
determined  as  follows: 

Unit  Loodonbor*,pii  =  Load»lb  (Cq  1) 

w2  *  0, 


Load,  lb 

unit  Load  on  feel',  p»i  *  - 4r "  (Eq  2) 

W,  *  ob 


1.4  Limiting  Speeds 

While  most  TFE-llned  spherical  bearings 
are  used  for  low  speed  oscillation  or  rota¬ 
tion,  an  occasional  high  speed  application 
la  encountered  where  the  ability  of  the 
bearing  to  dissipate  frictional  heat  Is  In 
doubt. 


2.  GREASE  AND  DRY  FILM- 
LUBRICATED  SPHERICAL 
BEARINGS 


2.1  Loads 

The  nondeformation  load  Is  defined  as  that 
which  when  applied  to  the  bearing  will  not 
cause  enough  set  or  deformation  so  that  the 
bearing  Is  difficult  to  turn.  The  ultimate 
(fracture)  load  is  double  the  nondeformation 
load  and  must  not  cause  fracture  of  the 
bearing.  In  addition,  the  permanent  set  after 
application  of  the  ultimate  load  is  limited. 
Nondeformation  and  ultimate  loads  and  maxi¬ 
mum  permanent  sets  are  shown  on  MS21154 
and  MS21155  bearing  sheets  in  DN  6F2. 

[comment:  Need  distribution.  | 

2.2  Load-Life 
Relationships 

Dry  film-lubricated  bearings  of  MS21154and 
MS21155  configurations  have  variable  lives 
due  to  the  difficulty  of  applying  the  dry  films 
uniformly  to  the  rubbing  areas  of  the  bearing. 
Dry  film-lubricated  bearings  have  a  high 
dynamic  load  capacity,  up  to  50,000  psi,  but 
an  unpredictable  wear  life  when  compared  to 
grease  lubricated  or  TFE-lined  bearings. 
Load-life  relationships  of  several  spherical 
bearings  lubricated  with  various  high  tem¬ 
perature  dry  films  can  be  found  in  DN  6 FI. 

| Comment:  Need  distribution.  I 


CHAP  6  -  AIRFRAME  BEARINGS 
SECT  6B  -  LOAD  RATINGS 

DESIGN  NOTE  6B4 


AFSC  DH  2-1 
DN  6B4 

BUSHINGS 


1.  GREASE-LUBRICATED 
METAL  BUSHINGS 

1.1  Static  Capacity 

Steel  bushings  are  used  primarily  to  handle 
static  loads  and  can  be  loaded  to  values  that 
are  approximately  one-half  of  the  com¬ 
pressive  yield  strength  of  the  material. 
Sub-Note  1.1(1)  shows  the  suggested  allow¬ 
able  yield  strengths  for  various  types  of 
bushing  materials.  The  projected  area  of 
the  bushing  (length  times  diameter)  should 
be  used  with  the  total  load  to  calculate 
the  unit  load  which  should  not  exceed  the 
values  in  SN  1.1(1). 

Comment:  Allowances  loads  should 
be  based  on  distributions  and 
reliability  gc.ods. 


SUB-NOTE  1.1(1)  Static 
Capacity  of  Bushings 


MATERIAL 

MAXIMUM  STATIC 
CAPACITY,  KSI 

MAXIMUM 

TEMPERATURE* 

<*F> 

4130  Steal 
(ISO  KSI  UTS 

US 

350 

17-4  Steal 
(AMS  S643) 

90 

500 

Beryllium  Copper 
(Fed  Spec  QQ-C-530) 

90 

350 

At -Si-Bronze 
(AMS  4640  and  4880) 

60 

350 

Ai-Btonze 

(Fad  Spec  QQ-C-465) 

60 

350 

•Maximum  temperature  at  which  bushing  can  be  used  without 
lota  ot  static  capacity. 

1.2  Load-Life  Values 

Although  steel  bushings  (if  generously  lubri¬ 
cated)  can  be  used  for  a  few  cycles  without 
galling  or  excessive  wear  taking  place, 
bronze  bushings  should  be  employed  if  an 
appreciable  amount  of  motion  is  expected 
between  the  shaft  and  the  bushing.  Under 
dynamic  conditions,  excessive  wear  of  the 
bronze  bushing  is  the  mode  of  failure.  Sub- 
Note  1.2(1)  is  a  plot  of  life  versus  unit 
load  under  well-lubricated  (MIL-G-81322 
grease)  conditions. 

IComment :  Distributional  L-N 
I curve  required. 

2.  TFE-LINED  BUSHINGS 

2.1  Static  Capacity 

The  unit  static  capacity  of  TFE-lined  bush¬ 
ings  is  approximately  60,000  psi.  A  unit 
load  of  this  magnitude  can  be  tolerated  by 
the  bushing  without  impairing  its  functioning. 

[Comment:  100  percent  distribu¬ 
tion  required. 

2.2  Dynamic  Capacity 
and  Load  Life 

A  nomograph  can  be  found  in  DN  6F2,  SN 
6(5)  or  6(6),  describing  straight  and  flanged 
TFE  bushings  (MS21240  and  MS21241)  that 
relates  life  (before  0.005  in.  wear  occurs), 
load,  angle  of  oscillation,  and  projected  area 
of  the  bushing.  Elevated  temperatures,  sur¬ 
face  speeds  in  excess  of  150  ft/min  on  the 
bore  surface,  and  contamination  by  hydraulic 
oils  and  de-lcingflulds  all  lower  the  predicted 
life.  The  dynamic  unit-load  rating  (25,000  psi) 
shown  is  a  unit  load  that  will  permit  more 
than  25,000  cycles  of  life  (0.006  in.  wear) 
±25*  oscillation  at  ten  cycles  per  minute. 
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CHAP  6  -  AIRFRAME  BEARINGS 
SECT  6B  -  LOAD  RATINGS 


SUB-NOTE  1. 2(1)  Load  Life  of  Plain  Bronze  Bushings 


temp:  60°-l20°P 

BORE:  0.25-1.50  IN.  , 
CLEARANCE  :  0.5-I.5  1 10  IN. 
LENGTH -TO -01 AME TER  RATIO: 

0.25-1.20 

LUBE:  MIL-G-SI322  GREASE  APPUED 
TO  7000  CYCLES 
MAX  WEAR:  0.006  IN. 

BRONZE:  AMS  4640  ft  4880 


CHAP  6  -  AIRFRAME  BEARINGS 
SECT  6D  -  BEARING  MATERIALS 


AFSC  DH  2-1 
DN  6D2 


DESIGN  NOTE  6D2 


1.  COMPOSITION 

Sub-Note  1(1)  shows  the  material  composi¬ 
tion  of  alloys  used  in  airframe  bearings 
(races  and  rolling  elements). 


2.  MECHANICAL 
AND  PHYSICAL 
PROPERTIES 

Sub-Note  2(1)  lists  some  of  the  mechanical 
and  physical  properties  of  alloys  used  in 


ROLLING  ELEMENT  MATERIALS 


airframe  bearings.  The  symbols  in  the  chart 
are  defined  as  follows: 

E  *  modulus  of  elasticity,  psi  x  10® 

Fc  =  compressive  strength,  ksi 
Ft  3  tensile  strength,  ksi 
Bh  3  Brinell  hardness 
Rc  s  Rockwell  hardness 
a  3  coefficient  of  thermal  expansion, 
tn/ln/°F  x  10“6 

«  3  percent  elongation  In  2  in. 

fi  3  Poisson's  ratio 
p  3  density,  lb/in3 

For  additional  information  see  Ref  587. 


SUB-NOTE  1(1)  Material  Composition  of  Bearing  Alloys 


MATERIAL 

D 

Ct 

Cr 

I* 

D 

nr 

n 

a 

n 

n 

n 

OTHER 

ES1100  steel 

0.98- 

0.90- 

■ 

Si 

i  j 

■ 

0.025 

0.025 

0.20- 

ri 

uo 

■ 

1.15 

II 

II 

1 

MAX 

MAX 

0.35 

1 

1 1 

ES2100  steel 

0.98- 

■ 

r 

■1 

jm 

0.025 

0.025 

0.20- 

UO 

1  ' 

II 

MAX 

MAX 

0.35 

440C  stainless 

■ 

1.0 

0.75 

■ 

0.040 

1.0 

1.0 

■ 

■I 

MAX 

MAX 

1 

MAX 

MAX 

MAX 

■ 

M-2  tool  steel 

0.85 

0 

0.30 

0.30 

s 

M-50  tool  steel 

0.80 

4.1 

0.30 

4.25 

0.25 

1.1 

Stellite  25 

m 

Bal 

19.0  - 

3.0 

1.0- 

if 

(  'J 

1.0 

WhM 

m 

21.0 

MAX 

2.0 

no 

MAX 

■ 

■flHEil 

Stellite  3 

2.45 

Bal 

30.5 

ES 

1.0 

1.0 

12.5 

1.0 

Stellite  6B 

M 

Bal 

30.0 

1 

1.5 

D 

a 

11 

Stellite  19 

1.7 

Bal 

31.0 

1.0 

El 

1.0 

10.5 

|  •  J 

Stellite  Star  J 

2.5 

Bal 

32.0 

E9 

1.0 

2.5 

1.0 

17.0 

2.0 

Titanium  carbide 

Titanium  carbide  (TiC),  grains  bonded  with  Ni-Mo  binder 

Alumina 

99.9%  pure  alpha  alumina  (AI2O3),  polycrystalline 

Zltconia 

Zr02  stabilized  with  small  amounts  of  refractory  oxides 

V  ‘i 
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CHAP  6  -  AIRFRAME  BEARINGS 
SECT  6D  -  BEARING  MATERIALS 


SUB-NOTE  2(1)  Mechanical  and  Physical  Properties  of  Bearing  Alloys 


MATERIAL 

E 

fc 

Ef 

a 

€ 

M 

P 

ES1 100  atoal 

30.0 

400 

250 

60-63 

6.0 

0.33 

E52100  atoal 

30.0 

400 

250 

58-63 

6.0 

0.33 

440C  atainlaaa 

29.5 

350 

285 

60.0 

5.6 

2.0 

0.33 

0.280 

M-2  tool  DmI 

29.5 

65.5 

6.6 

2.5 

0.33 

M-SO  tael  atoal 

29.5 

62.0 

7.4 

0.33 

Sttlll  to  25 

33.0 

150-240 

45-55 

8.24 

6-10 

0.25 

0.330 

Stallita  3 

36.1 

310 

55 

55.0 

7.8 

0-1.0 

0.312 

Stallita  6B 

31.1 

347 

91.6 

39.0 

8.5 

11.0 

0.303 

Stallita  19 

33.8 

310 

105 

52.0 

7.9  j 

0-1.0 

0.302 

Stallita  Star  J 

37.5 

335 

62 

58.0 

7.0 

0-1.0 

0.316 

Titanium  corbida 

59.0 

520 

■aisa 

4.6 

0.236 

0.217 

Alumina 

56.1 

85.0  (i) 

4.35 

0.205 

0.144 

Zireania 

22.0 

88 

88.0  (i) 

2.60  CD 

0.202 

Q)  Erratic  aapantion  dua  to  phaaa  changai. 

jComment :  Present  properties  in  terms  of  statistical  parameters.  J 


3.  CORROSION 
RESISTANCE 

Sub-Note  3(1)  shows  the  corrosion  resis¬ 
tance  of  the  alloys  to  the  common  liquids 
encountered  by  airframe  bearings. 


4.  CAGE  MATERIALS 

Many  airframe  bearings  contain  a  full  com¬ 
plement  of  rollers  or  balls  to  obtain  the 


maximum  load  capacity.  However,  certain 
bearing  types  do  require  cages  for  roller 
guidance  or  to  reduce  Internal  friction. 
When  cages  are  used,  the  materials  from 
which  they  are  made  need  to  have  the 
qualities  of  moderate  to  high  tensile  and 
compressive  strength,  toughness,  and  must 
be  compatible  from  a  friction  standpoint 
with  the  rolling  element.  High  temperature 
materials  used  for  bearing  cages  are 
Rene'  41,  A-286,  and  Inconel  X-750  (see 
DN  6D3). 


CHAP  6  -  AIRFRAME  BEARINGS 
SECT  6D  -  BEARING  MATERIALS 


AFSC  DH  2-1 
DN  6D2 


SUB-NOTE  3(1)  Corrosion  Resistance  of  Bearing  Alloys 


MATERIAL 

WATER 

SALT  WATER 

MILO  ACID 

MILO  ALKALI 

ES1 100  *«••! 

Paor 

Paar 

Poof 

Fair 

E  52 100  steel 

Poor 

Pear 

Poor 

Fair 

440 C  stainless 

Goad 

Fair-Poor 

Good 

Good 

M-2  tool  steal 

Paar 

Poor 

Fair 

Good 

M-50  teal  steal 

Paor 

Pear 

Fair 

Good 

Stellite  25 

Excellent 

Excellent 

Excellent 

Excellent 

Stellite  3 

Excellent 

Excellent 

Excellent 

Excellent 

Stellite  6B 

Excellent 

Excellent 

Excellent 

Excellent 

Stellite  19 

Excellent 

Excellent 

Excellent 

Excellent 

Stellite  Star  J 

Excellent 

Excellent 

Excellent 

Excellent 

Titanium  carbide 

Good 

Goad 

Good 

Good 

Alumina 

Goad 

Goad 

Good 

Good 

Zirconia 

Goad 

Goad 

Good 

Good 
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AFSC  OH  2-1 
DN  6D3 


DESIGN  NOTE  6D3 


1.  SELECTION 

A  variety  of  materials  can  be  used  for 
plain  bearings.  Unit  loads  are  low  com¬ 
pared  to  the  very  high  contact  stresses 
encountered  in  rolling  element  bearings. 
Most  high  temperature  alloys,  steels  and 
some  bronzes  have  sufficient  strength  for 
plain  bearing  use.  Materials  for  plain 
bearing  use  should  have  sufficient  impact 
resistance  to  withstand  the  rapidly  applied 
loads  that  may  occur.  One  of  the  most 
Important  considerations  in  a  sliding  sur¬ 
face  bearing  is  the  frictional  compatibility 
of  the  rubbing  surfaces.  For  low  tempera¬ 
ture  applications,  compatible  metals  like 
bronze  and  steel  can  be  used,  and  oil  or 
grease  lubricants  are  generally  employed. 
At  higher  operating  temperatures,  stainless 
alloys  of  poor  frictional  and  galling 
characteristics  must  be  used,  and  the  selec¬ 
tion  and  maintenance  of  a  lubricating  film  on 
the  rubbing  surface  is  of  great  Importance. 


1.1  Plastics  and 
Porous 
Materials 

The  plastics  used  in  bearings  are  nylon 
(2%  water),  Delrin,  and  filled  Teflon  (TFE). 
The  Teflon  properties  refer  to  a  solid 
section  and  not  the  thin  woven  linings  used 
in  spherical  and  plain  bearings.  The  woven 
linings  have  a  much  higher  compressive 
strength  due  to  support  from  the  bearing 
shell.  The  major  uses  for  the  plastics 
and  porous  materials  are  shown  in  SN  1.1(1) 
along  with  the  installation  methods. 


PLAIN  BEARING  MATERIALS 


2.  COMPOSITION 

Sub-Note  2(1)  shows  the  material  composi¬ 
tions  of  alloys  used  in  plain  bearings. 


3.  MECHANICAL  AND 

PHYSICAL  PROPERTIES 

Mechanical  and  physical  properties  can  be 
found  in  SN  3(1)  for  alloys  and  in  SN  3(2) 
for  plastics  and  porous  materials.  The 
symbols  in  the  charts  are  defined  as 
follows: 

E  *  modulus  of  elasticity,  psi  x  106 
Fb  *  flexural  strength,  ksi 
Fc  »  compressive  strength,  ksi 
Ft  *  tensile  strength,  ksi 
k  *  thermal  conductivity,  BTU/hr/ft3/ 
°F/ft 

Ta  =  operating  temperature  range  in 
air,  *F 

Ty  3  operating  temperature  range  in  a 
non-oxidizing  atmosphere,  an  inert 
gas,  or  in  a  vacuum 

v  *  maximum  surface  speed,  ft/min 
a  *  coefficient  of  thermal  expansion, 
in/ln/’F  x  10"6 
fi  *  coefficient  of  friction 
P  =  density,  lb/ft3 


4.  CORROSION  RESISTANCE 

Sub-Note  4(1)  shows  the  corrosion  resis¬ 
tance  of  the  alloys  to  the  common  liquids 
encountered  by  airframe  bearings.  The  cor¬ 
rosion  resistance  of  plastics  and  porous 
materials  is  shown  in  SN  4(2). 
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AFSC  DH  2-1  CHAP  6  -  AIRFRAME  BEARINGS 

DN  6D3  SECT  6D  -  BEARING  MATERIALS 


SUB-NOTE  1.1(1)  Uses  and  Installation  Methods 


MATERIAL 

MAJOR  USE 

PRESS 

FIT 

BOND 

BRAZE 

Filled  Teflon 

Plain  bearings,  slides,  cages  for 
rolling  element  bearings 

Yes 

No 

No 

Nylon 

Gears,  plain  bearings,  slides,  cams, 
cages  for  lightly  loaded  bearings 

Yes 

Yes 

No 

Delrin 

Gears,  plain  bearings,  slides,  rolling 
element  bearing  cages 

Yes 

Yes 

No 

Carbon-graphite 

Dynamic  seals,  sleeve  bearings,  slid¬ 
ing  electrical  contacts 

Yes 

Yes 

Yes 

Impregnated 
sintered  bronze 

Self-lubricating  plain  bearings,  rolling 
element  bearing  cages 

Yes 

Yes 

Yes 

38< 
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CHAP  6  -  AIRFRAME  BEARINGS 
SECT  6D  -  BEARING  MATERIALS 


AFSC  OH  2-1 
DN  6D3 


SUB-NOTE  3(1)  Mechanical  and  Physical  Properties 
of  Plain  Bearing  Alloys 


MATERIAL 

E 

Ft 

Rc 

Bh 

a 

c 

P 

Bronx*  (AMS  4640) 

17.5 

110.0 

187- 

15.0 

0.273 

241 

17-4PH  stainless 

29.0 

170 

190 

40- 

6.5 

10.0 

0.282 

47 

17-7PH  stainless 

28.0 

180 

200 

44 

5.7 

7.0 

0.282 

410  stainless 

110 

20 

7.5 

23.0 

0.280 

Ren*  41 

m  1 1 

145 

180* 

39- 

7.8 

14.0 

0.298 

191 

41 

A- 286 

29.0 

100 

145 

34 

O 

24.0 

0.298 

Inconel  X-750 

31.0 

100 

170 

36.5 

D 

25.0 

0.298 

LT-2  metal  ceramic 

38.0 

52.0 

a 

0.320 

Comment:  Present  properties  in  terms  of  statistical  parameters. 


SUB-NOTE  3(2)  Mechanical  and  Physical  Properties 
of  Plastics  and  Porous  Materials 


MATERIAL 

E 

n 

m 

n 

ta 

TV 

wm 

n 

P 

Teflon 

14 

9.0 

20.0 

2.7 

2.3 

•320  to  550 

•320  to  550 

70 

33 

0.0814 

Nylon 

IS 

13.3 

35.0 

Q 

1.9 

•320  to  250 

-320  to  200 

Low 

82 

0.15- 

0.33 

0.394 

Dslrln 

- 

- 

- 

■ 

1.6 

•320  to  250 

•320  to  200 

Wed 

45 

0.10* 

0.30 

0.0515 

Carbon-graphite 

IS 

28.0 

175.0 

8.4 

18.0 

•420  to  1000 

•420  to  3000 

12,000 

3.5 

0.07- 

0.60 

0.0543 

Impregnated 

Sintered 

Bronze 

14 

13.5 

27.8 

1 

•85  to  200 

Oil 

evaporates 
in  vacuum 

200 

10.5 

0.02- 

0.30 

0.242 

Comment:  Present  properties  in  terms  of  statistical  parameters. 


-  <■ 
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CHAP  6  -  AIRFRAME  BEARINGS 
SECT  6D  -  BEARING  MATERIALS 


SUB-NOTE  4(1)  Corrosion  Resistance  of  Plain  Bearing  Alloys 


MATERIAL 

WATER 

j  SALT  WATER 

MILD  ACID 

MILD  ALKALI 

Bronze  (AMS  4640) 

Good 

Good 

Fair 

Fair 

17-4PH  stainless 

Excellent 

Good 

Good 

Good 

17-7PH  stainless 

Excellent 

Good 

Good 

Good 

410  stainless 

Good 

Poor 

Fair 

Fair 

Rene'  41 

Excellent 

Good 

Good 

Good 

A-286 

Excellent 

Good 

Good 

Good 

Inconel  X-750 

Excellent 

Good 

Good 

Good 

LT-2  metal  ceramic 

Excellent 

Excellent 

Excellent 

Excellent 

SUB-NOTE  4(2)  Corrosion  Resistance  of  Plastics 
and  Porous  Materials 


Teflon 


Nylon 


Oelrin 


Carbon-graphite 

Impregnated 

sintered 

bronze 


Inert  except  in  perfluorinated  liquids  above 
570°F 

Good  except  to  strong  acids  and  oxidizing 
agents 

Good  resistance  to  organic  solvents,  oils, 
and  moisture.  Poor  to  acids,  caustics,  and 
bleaches. 

Excellent  except  to  strong  oxidizers 

Resistant  to  salt  water.  Poor  resistance  to 
concentrated  acids  and  bases. 
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AFSC  DH  2-1 
DN  6E1 

SELECTION 


1.  TYPES  OF  LUBRICANTS 

Depending  on  their  use,  materials  of  con¬ 
struction,  and  environment,  bearings  may 
require  various  lubricants,  or  they  may 
operate  unlubricated.  Where  temperature 
permits,  lubricants  are  used  to  reduce 
friction  and  wear  of  the  bearing.  In  addi¬ 
tion,  lubricants  are  often  required  for  cooling, 
corrosion  protection,  sealing,  lubrication 
of  seals,  and  flushing  out  debris  formed 
by  friction  and  wear.  Lubrication  for  air¬ 
frame  bearings  may  be  accomplished  with 
grease,  oil,  dry  film  lubricants,  or  plastic 
linings.  The  advantages  of  each  type  are 
shown  in  SN  1(1). 

MIL-HDBK-275  Dresents  a  more 
compreHensive  selection  of 
lubricants. 

2.  LUBRICATORS 

Provide  lubricators  and  lubrication  reser¬ 
voirs  for  all  types  of  plain  annular  and  plain 
self-aligning  bearing  installations.  Where 
plain  bearings  are  used  at  the  connection  of 
structural  members  having  a  relative  motion 
exceeding  3*  during  service  operation,  install 
lubricators  in  the  portions  surrounding  the 
bolt  or  shaft  as  shown  in  SN  2(1)  and  2(2). 


Include  instructions  as  the  proper  MIL  spec¬ 
ification  lubricant  and  relubricating  periods 
in  the  maintenance  manual  of  the  aircraft 
or  accessory  in  which  the  bearing  is  used. 
Use  lubricators  in  accordance  with  those 
shown  in  MIL-F-3541,  MS15001,  -1  and  -3 
of  MS15002,  and  MS15004.  For  coupling 
and  uncoupling  the  grease  gun  connector, 
allow  clearance  space  of  25*  in  any  radial 
direction  from  the  axis,  normal  to  the  head 
of  the  lubricator  fitting  (ABC  17/8B,  Grease 
Nipples).  This  requires  a  cone  of  clearance 
with  an  included  vertex  angle  of  50*  and  a 
slant  side  as  long  as  the  overall  length  of 
the  grease  gun,  when  the  axes  of  the  grease 
outlet  head  and  the  body  of  the  grease  gun 
coincide.  Plain  bearings  fabricated  of  oil- 
impregnated  sintered  metal,  bronze,  or  iron 
in  accordance  with  MIL-B-5687  need  not  be 
provided  with  lubricators  if  they  will  not  be 
expected  to  maintain  lubricity  beyond  the 
physical-chemical  life  of  the  lubricant  with 
which  they  are  impregnated.  In  applications 
in  which  the  amount  of  lubricant  contained 
in  the  bearing  is  not  sufficient  to  last  for 
the  service  life  required,  provide  lubricators 
or  lubricant  reservoirs  that  will  contact 
outer  surface  of  the  sintered  bearing. 

Comment:  What  is  the  physical- 

chemical  life  distribution. 

This  should  be  defined  and 
statistical  parameters  published. 


|  SUB-NOTE  1(1)  Selection  Chart  for  Lubricants  (Plain  Bearings) 

SREASE 

DRY  FILM  LUBRICANT 

TFE-LINED  BEARING 

TEMPERATURE  RANGE,  *F 

■100  to  +6X 

•100  to  +375 

Organic  binders 

•320  to  +550  TFE-glass 
fabric  types 

•320  to  +800 

Inorganic  binder* 

•100  to  +275  Military  spec 
materials 

BEARING  LIFE 

Excellent 

Poor  to  fair  (Depends  on 
stress  level) 

Good 

LOAD  CAPACITY 

Good 

Excellent 

Good 

NEED  FOR  REPLENISHMENT 
DURING  BEARING  LIFE 

Ye* 

No 

No 

CORROSION  PREVENTIVE 

ABILITY 

Good 

Poor 

TFE  liner  excellent  (Bearings 
made  from  corrosion  resistant 
metals  or  plated) 
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SUB -NOTE  2(1)  Lubricators  for  Plain  Bearings 


LUBRICATOR 


HOUSING 


LUBRICANT  GROOVES 


LUBRICANT  RESERVOIR 


BUSHING 


NORMAL  GREASE  GROOVE — '  R 


SUB -NOTE  2(2)  Lubricators  for  Sintered  Bearings 


OIL  HOLE 


HOUSING 

LUBRICANT 

RESERVOIR 


HOUSING 


SHAFT 


WICKFEED,  LUBRICATOR 
AND  RESERVOIR 


HOUSING 


LUBRICANT  RESERVOIR 


LUBRICANT 
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DESIGN  NOTE  6E2 _ _ 


AFSC  DH  2*1 
ON  6E2 
GREASES 


1.  CHARACTERISTICS 

The  majority  of  rolling  element  and 
son)0  sliding  surface  bearings  are  grease- 
lubricated.  This  type  of  lubrication  has 
the  advantage  of  sealing  simplicity,  low 
torque  at  normal  temperatures,  long  life, 
aqd  if  proper  greases  are  used,  good  pro¬ 
tection  against  corrosion.  Grease-lubricated 
rolling  element  bearings  for  airframe  use 
normally  operate  best  when  packed  so  that 
about  two-thirds  of  the  capacity  of  the 
bearing  is  filled.  Where  relubrication  is 
required,  the  bearings  must  be  filled  with 
grease  and  some  loss  of  lubricant  can  be 
expected  due  to  churning.  Bearings  which 
never  or  seldom  oscillate  or  rotate  should 
be  packed  full  of  grease  to  provide  a  maxi¬ 
mum  reservoir  for  lubricant  and  to  give 
corrosion  protection.  Most  grease-lubricated 
airframe  rolling  element  bearings  are  re¬ 
ceived  from  the  manufacturer  lubricated, 
sealed,  and  ready  for  installation.  They 
have  a  shelf  life  of  approximately  two  years. 
Many  prepacked  bearings  need  no  relubrica¬ 
tion  during  their  service  life  and  are  dis¬ 
carded  at  component  overhaul.  Design  to 
avoid  the  necessity  of  component  overhaul 
for  the  express  purpose  of  bearing  lubrica¬ 
tion.  All  bearings  which  require  relubrica¬ 
tion  must  have  devices,  such  as  grease 
fittings.  Included  in  their  installation  so 
that  application  of  grease  to  the  bearing  can 
be  made  without  disassembly  of  the  bearing 
bousing  or  removal  of  the  bearing  from  the 
shaft.  (See  DN  6E1,  Para  2.) 


1.1  Military  Specification 
Greases 

A  large  number  of  military  specification 
greases  are  available  that  can  be  used  in 
airframe  bearings.  Caution  must  be  exer¬ 
cised  in  the  selection  of  these  greases 
because  some  of  the  lubricants  are  designed 


primarily  for  use  in  lightly  loaded  high 
speed  ball  bearings.  They  may  be  inadequate 
in  load-carrying  capacity  for  heavily  loaded 
airframe  bearing  use.  The  greases  listed 
in  SN  1.1(1)  will  handle  practically  all 
airframe  bearing  requirements.  The  pre¬ 
ferred  grease  for  airframe  bearing  use 
is  MIL-G-81322.  It  has  good  storage  (two 
years  minimum)  stability,  excellent  load¬ 
carrying  capacity,  and  good  low  temperature 
properties.  Greases  other  than  those  in 
MIL-G-81322  are  needed  only  when  its  high 
temperature  capability  has  been  exceeded 
(350°F  for  continuous  operation).  Other 
greases  are  needed  when  airframe  bearings 
are  required  to  operate  in  unusual  con¬ 
ditions  such  as  high  vacuum,  lack  of 
lubrication,  raliation,  and  chemicals  such 
as  phosphate  ester  fluids  or  propellants. 


2.  GREASE  TESTING 

Comment:  What  is  the  physical- 
chemical  life  distribution? 

This  should  be  defined  and 
statistical  Darameters  published. 

2.1  New  Grease 

A  number  of  laboratory  tests  are  used  to 
evaluate  greases.  Exercise  some  care  in 
the  use  of  these  values  to  predict  service 
performance,  for  these  laboratory  tests 
were  designed  originally  as  quality  control 
tests  for  the  manufacture  of  grease.  Tests 
commonly  used  for  the  evaluation  of  grease 
used  for  airframe  bearing  applications  are 
as  follows. 


2.1.1  Penetration 

The  penetration  test  (ASTM  D217,  Fed 
Std  791,  Method  311)  consists  of  dropping 
a  weighted  metal  cone  into  the  grease  and 
allowing  it  to  sink  for  five  seconds.  The 
depth  of  penetration  is  then  measured  by 
means  of  a  penetrometer.  An  unworked 
penetration  refers  to  measurements  made 
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ot  to  used  in  lieu  of  MIL-G-21164  or  MIL-G-23549. 


Type  or  Name  Specification  Operating  Characteristics  Drop  Penetration  Rust  Composition 

or  Range  of  And  Uses  Point  Worked  Protec - 

Designation  °F  tion 


f 

t 
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of  the  undisturbed  grease  as  It  comes  from 
the  can.  After  the  grease  has  been  pumped 
back  and  forth  for  double  strokes  in  a 
mechanical  worker,  a  worked  penetration 
value  is  determined.  Greases  employed  for 
airframe  bearing  use  have  worked  penetra¬ 
tions  of  from  260  to  340. 

2.1.2  Dropping  Point 

The  dropping  point  (ASTM  D566,  Fed  Std 
791,  Method  142)  of  a  grease  is  essentially 
a  melting  point  run  under  controlled  con¬ 
ditions.  In  most  cases,  it  defines  the  top 
temperature  to  which  the  grease  should 
be  exposed  in  service.  However,  in  many 
cases,  greases  are  unsatisfactory  for  long¬ 
term  use  at  temperatures  below  their  drop¬ 
ping  point,  due  to  effects  such  as  bleeding 
and  oxidation. 

2.1.3  Bomb  Oxidation 
and  Corrosion 

The  bomb  oxidation  and  corrosion  test 
(ASTM  D942  and  D1261)  consists  of  sub¬ 
jecting  the  grease  to  oxygen  at  a  controlled 
temperature  (210°F)  in  a  bomb.  Copper  is 
sometimes  added  as  it  acts  as  a  catalyst 
for  grease  deterioration.  The  deterioration 
of  the  grease  is  measured  by  the  drop  in 
oxygen  pressure  due  to  its  reaction  with 
the  grease.  This  same  test  is  repeated  with 
strips  of  copper  immersed  in  the  grease 
and  after  test  the  strips  are  examined  for 
corrosion.  These  tests  correlate  to  some 
degree  with  the  long-term  storage  stability 
of  greases.  They  do  not  correlate  with 
the  dynamic  oxidation  of  a  grease  that 
occurs  in  a  high  temperature  bearing. 


2.1.4  Low  Temperature  Torque 

In  the  low  temperature  torque  test  (ASTM 
D1478,  Fed  Std  791,  Method  334),  a  204 
bearing  is  filled  with  the  test  grease,  soaked 
at  the  desired  temperature,  usually  -65*  or 
-100°F,  and  the  breakway  and  running 
torques  determined.  Although  the  results 


on  the  204  bearings  cannot  always  be  ex¬ 
trapolated  to  other  kinds  of  bearings, 
especially  full  complement  types,  this 
serves  as  a  useful  comparison  of  the  low 
temperature  properties  of  greases. 

2.1.5  Rust  Prevention 

To  test  the  rust  preventive  properties  of 
greases  (ASTM  D1743),  clean,  tapered 
roller  bearings  are  lubricated  with  the  test 
grease  under  carefully  controlled  conditions 
and  stored  for  two  weeks  at  77aF  and  100% 
relative  humidity.  The  bearings  are  cleaned, 
inspected,  and  rated  after  this  exposure. 
Corrosion  in  excess  of  three  small  spots 
is  not  allowed. 

2.1.6  High  Temperature 
Performance 

In  the  high  temperature  performance  test 
(Fed  Std  791,  Method  331),  a  204  bearing 
made  of  either  E52100  or  M-50  steel  is 
filled  with  the  test  grease  and  run  in  a 
standard  Pope  spindle  at  10,000  rpm  and  a 
light  radial  and  axial  load.  The  bearing  is 
artificially  heated  to  the  desired  test  tem¬ 
perature,  is  run  the  desired  length  of  time, 
or  to  failure,  as  indicated  by  a  temperature 
rise  over  the  stabilized  bearing  tempera¬ 
ture.  Failure  in  this  test  is  almost  always 
due  to  grease  deterioration  caused  by  oxida¬ 
tion,  bleeding,  or  evaporation  of  the  fluid 
constituent.  This  test  is  used  extensively 
in  military  specifications  for  determining 
the  top  temperature  limit  of  a  grease. 
Because  conditions  are  so  different  in  a 
high  speed,  lightly  loaded  bearing  and  a 
heavily  loaded  airframe  type,  service  tests 
should  be  run  at  high  temperature  with  an 
airframe  bearing  to  determine  the  upper 
limit  of  a  grease  for  airframe  use  in 
critical  applications. 

2.2  Used  Grease 

The  following  tests  are  useful  in  determin¬ 
ing  the  suitability  of  used  grease  removed 
from  bearings. 
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2.2.1  Penetration 

Normally,  not  enough  used  grease  Is  avail¬ 
able  for  a  penetration  test  using  a  full-size 
cone,  so  a  quarter-scale  cone  must  be  used. 
Grease,  which  is  originally  in  the  260  to 
340  range,  should  not  decrease  in  penetra¬ 
tion  past  220  due  to  oil  loss  or  be  thinned 
by  mechanical  working  to  a  penetration 
above  400. 


2.2.2  Loss  of  Oil 

Oil  content  should  be  determined,  by  a 
hexane  extraction  in  a  Soxhlet  apparatus, 


on  both  the  new  and  the  used  grease  from 
the  bearing.  A  loss  of  more  than  40%  of 
the  original  oil  in  the  grease  usually  means 
that  the  bearing  will  show  wear  due  to 
lack  of  oil. 


2.2.3  Neutralization  Number 

The  oil  from  the  Soxhlet  extraction  in  Para 
2.2.2  can  be  subjected  to  the  neutralization 
number  test  described  in  ASTM  D974-58T. 
Neutralization  numbers  over  1.0  (with 
petroleum  oils  and  esters)  indicate  over¬ 
heating  of  the  grease  and  oxidation  of 
its  oil. 
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DESIGN  NOTE  6E3 


1.  APPLICATIONS 

With  the  exception  of  oil-impregnated 
sintered  metal  bearings,  oils  are  not 
usually  employed  for  airframe  bearing 
lubrication.  This  is  not  due  to  any  deficiency 
in  oil  lubrication,  but  to  the  difficulty  of 
either  feeding  oils  to  a  bearing  or  containing 
them  in  a  housing  surrounding  an  airframe 
bearing.  However,  when  these  application 
difficulties  can  be  surmounted,  oils  provide 
excellent  lubrication  for  airframe  bearings. 
Some  of  the  properties  of  oils  suitable  for 
use  are  listed  in  SN  1(1).  It  is  often 
desirable  to  lubricate  high  temperature 
bearings  for  one  time  use  in  missiles  and 
reentry  vehicles  with  an  oil  that  will  pro¬ 
tect  and  lubricate  the  bearing  during 
storage,  installation,  and  preflight  checkout 
before  the  high  temperature  service  occurs. 
Military  specification  MIL-L-7870  oil  will 


OILS 


perform  these  functions  and  will  evaporate 
without  leaving  any  residue  to  jam  the  bear¬ 
ing  after  it  is  exposed  to  temperatures  over 
approximately  450°F.  Teflon  (TFE)  seals  can 
be  used  to  contain  the  oil  before  use  and  will 
also  sublime  without  leaving  a  residue  at 
temperatures  over  600°F. 


2.  OILS  FOR  SINTERED  SELF- 
LUBRICATING  BEARINGS 

Sintered  metal  porous  bearings  are  used 
in  lightly  loaded  airframe  bearing  applica¬ 
tions.  After  these  bearings  are  machined 
and  degreased,  they  are  immersed  in  a 
bath  of  either  MIL-L-6085  or  MIL-L-7870 
oil,  maintained  at  a  temperature  of  130*  to 
140°F  for  20  min,  removed  and  cooled  to 
room  temperature  before  insertion  into 
their  housing. 


SUB-NOTE  1(1)  Oils  for  Airframe  Bearings 

TYPE  OR  MAKE 

SPECIFICATION 

OR 

DESIGNATION 

USE  AND  SPECIAL  PROPERTIES 

FLASH 

POINT, 

*F  MIN. 

USEFUL 
RANGE,  *F 

BASE  OIL 

Central  Purpose 

Oil 

MIL-L-7870 

Low  viscosity  corrosion  preventive  oil 
useful  for  preservation  of  bearings 
used  at  high  temperatures.  Oil  will 
evaporate  without  residue. 

265 

-65  to  160 

Petroleum 

Airframe  Turbine 
Engine  Oil 

MIL-L-7808 

Good  load  carrying  capacity,  good 
oxidative  liability.  Wide  distribution 
and  aircraft  use. 

400 

-65  to  250 

Diester 

Instrument  Oil 

MIL-L-6085 

Very  stable  oil,  low  dirt  count  for 
small  bearings. 

365 

•65  to  250 

Diester 

High  Temperature 
Turbine  Oil 

MIL-L-77502 

Good  load  carrying  capacity,  excellent 
oxidative  stability. 

475 

-40  to  500 

Ester 

Methyl  Phenyl 
Silicone  Oil 

Dow  Corning 

DC  550 

Wide  temperature  range  oil.  Good 
thermal  and  oxidative  stability  but 
poor  lubricity.  This  oil  has  one  of 
the  best  high  temperature  capabilities. 

600 

•40  to  550 

Silicone 

r  t—V  - 

,  <  ' 
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1.  CHARACTERISTICS 

Dry  film  lubricants  suitable  for  use  on 
bearings  consist  of  a  thin  layer  (0.0002- 
0.0007*')  of  M0S2.  with  smaller  amounts 
of  other  solids,  bound  to  the  bearing  surface 
either  by  organic  resins  or  inorganic 
binders  such  as  aluminum  phosphate,  sodium 
silicate,  or  other  glass  compositions.  Most 
dry  films  must  be  hardened  or  cured  by 
heating  to  between  300“  and  1000°  F,  depend¬ 
ing  on  the  binder.  Dry  film  lubricants  have 
good  tenacity,  a  low  coefficient  of  friction 
(0.05  to  0.25),  chemical  inertness  and  ex¬ 
cellent  resistance  to  high  bearing  pressures 
(up  to  90,000  psi  on  hard  substrates).  They 
are  useful  in  the  range  from  -320°  to  ap¬ 
proximately  +800°F  in  air  but  should  be 
used  with  caution  above  600°F.  Dry  film 
lubricants  generally  used  for  airframe 
bearing  applications  are  shown  in  SN  1(1). 


2.  USES 

The  major  use  of  dry  film  lubricants  in 
bearings  Is  for  the  lubrication  of  sliding 
surface  units  of  the  plain  bushing  or  spheri¬ 
cal  type.  On  plain  bushings,  the  dry  film 
lubricant  is  applied  to  the  bore  and  to  the 
face  of  the  thrust  flange  if  one  is  present. 
Dry  films  are  used  in  the  bore  in  some 
cases,  on  the  spherical  surface  of  the  ball, 
and  on  the  inside  of  the  outer  race  when 
spherical  bearings  are  coated.  In  some 
cases,  the  shaft  is  also  coated  because 
applying  dry  film  to  two  contacting  surfaces 
Increases  the  wear  life  up  to  300%, 


DRY  FILM  LUBRICANTS 


3.  PRETREATMENT 


3.1  Aluminum 

Aluminum  bearings  should  be  anodized 
(MIL-A-8625)  if  possible,  but  chemical  con¬ 
version  coatings  such  as  MIL-G-5541  can 
be  used  where  anodizing  is  not  possible. 
These  pretreatments  add  corrosion  re¬ 
sistance  und  harden  the  soft  aluminum  on 
the  surface  so  that  the  dry  film  can  carry 
more  load. 


3.2  Low  Alloy  Steel 

Low  alloy  steel  bearings  are  best  treated 
before  application  of  dry  films  by  applying 
iron-manganese  phosphate  coating  according 
to  MIL-P-16232,  Type  M.  The  phosphate 
coating  adds  some  corrosion  resistance  to 
the  steel  substrate  and  enhances  the  wear 
resistance  of  the  dry  film  lubricant.  For 
additional  corrosion  protection,  a  nickel 
or  chromium  plate  can  be  substituted  for 
the  phosphate  coating  under  the  dry  film 
lubricant. 


3.3  Stainless  Steel 

Stainless  steel  or  other  noncorrodible  alloys 
should  be  abrasive  cleaned  to  remove 
oxides  and  to  roughen  the  surface  before 
dry  film  lubricants  are  applied. 
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OESIGN  NOTE  6F1 


1.  ZONE  II  BEARINGS 

Bearings  evaluated  and  found  suitable  for 
this  zone  (—150°  to  1200’F)  are  as  follows: 

a.  B-542  Torque  Tube  Ball  Bearing  (see 
SN  1(1» 

b.  Self-Aligning  Ball  Bearing  (see  SN  1(2)) 

c.  KP-21B  Type  Stellite  19  Ball  Bearing 
(see  SN  1(3)) 

d.  KP-21B  Type  Stellite  25  Ball  Bearing 
(see  SN  1(4)) 

e.  KP-33-BS  Type  Ball  Bearing  (see 
SN  1(5)) 

f.  Needle  Bearing  (see  SN  1(6)) 

g.  Spherical  Bearing  (see  SN  1(7)) 

h.  Spherical  Loader  Slot  Bearing  (see  SN 
1(8)) 

1.  Metal  Compact  Plain  Bearing  (see  SN 

1(9)) 

].  Graphite  Bushing  (see  SN  1(10)) 
k.  Flexural  Pivots  (see  SN  1(11)). 


1.1  Evaluation  of  Bearings 

High  temperature  bearings  were  evaluated 
in  three  types  of  tests:  load  spectrum, 
temperature  spectrum  and  life  tests.  In  the 
load  spectrum  and  temperature  spectrum 
tests,  the  points  on  the  graphs  represent 
friction  at  one  load  point.  Where  two  bear¬ 
ings  were  tested,  two  curves  are  shown 
on  the  data  sheets.  Individual  life  tests 


HIGH  TEMPERATURE  BEARINGS 


are  not  generally  shown  but  composite  load- 
life  curves  have  been  plotted  showing  life 
at  a  specific  temperature  and  load.  Each 
point,  unless  otherwise  stated,  represents 
the  results  of  one  life  test.  Much  of  the 
data  shown  has  come  from  Ref  79. 


1.2  High  Temperature  Bearing 
Evaluation 

The  designer  can  feel  safe  in  using  bearings 
similar  in  materials  and  dimensions  to 
the  bearings  shown  in  this  DN,  providing 
the  operational  temperatures  and  loads  do 
not  exceed  those  shown  in  the  test  data. 
Bearings  similar  in  configuration,  but  differ¬ 
ent  in  dimensions  to  the  test  bearings  shown, 
should  be  limited  to  the  workable  ND2, 
NDL,  or  psi  values,  in  addition  to  the 
safe  test  temperatures  shown  on  the  high 
temperature  bearing  data  sheets.  Static  limit 
loads  of  about  75%  of  the  dynamic  load 
spectrum  test  values  can  be  used  for  bear¬ 
ings  that  failed  due  to  high  friction.  A  value 
of  50%  of  the  dynamic  load  determined 
should  be  used  as  a  static  limit  load  for 
brittle  bearing  types  that  fail  by  fracture. 


2.  ZONE  III  BEARINGS 

The  bearings  shown  in  this  zone  (-150° 
to  2000°F)  are  included  to  demonstrate  the 
type  of  materials  and  bearing  configurations 
that  are  needed  for  ultrahigh  temperature 
operation.  Design  data  should  not  be  taken 
from  these  bearings  without  first  running 
a  confirming  test  program.  Bearings  shown 
are: 

a.  Ceramic  Ball  Bearing  (see  SN  2(1)) 

b.  Plain  Spherical  Bearing  (see  SN  2(2)) 


1 


AFSC  DH  2-1 
DN  6F1 


CHAP  6  -  AIRFRAME  BEARINGS 
SECT  6F  -  BEARING  CHARACTERISTICS 


SUB -NOTE  1(1)  B-542  Torque  Tube  Ball  Bearing 
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Comment:  Load  life  curve  should  be  distributional  for  design 


for  reliability  usage. 
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SECT  6F  -  BEARING  CHARACTERISTICS 
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DN  6F1 
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AFSC  DH  2-1  CHAP  6  -  AIRFRAME  BEARINGS 

DN  6F1  SECT  6F  -  BEARING  CHARACTERISTICS 


CHAP  6  -  AIRFRAME  BEARINGS 
SECT  6F  -  BEARING  CHARACTERISTICS 


AFSC  DH  2-1 
DN  6F1 
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AFSC  DH  2-1 
DN  6F1 


CHAP  6  -  AIRFRAME  BEARINGS 
SECT  6F  -  BEARING  CHARACTERISTICS 


SUB-NOTE  1(3)  (Sheet  2  of  2  Sheets)  KP-21B 
Type,  Stellite  19,  Ball  Bearing 


lOAovs  tm 


LOAD  SWCmjM  tor 


Comment:  Load  life  curve  should  be  distributional  for  design 
for  reliability  usage. 


CHAP  6  -  AIRFRAME  BEARINGS 
SECT  6F  -  BEARING  CHARACTERISTICS 


AFSC  DH  2-1 
ON  6F1 
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AFSC  DH  2-1 
DN  6F1 


CHAP  6  -  AIRFRAME  BEARINGS 
SECT  6F  -  BEARING  CHARACTERISTICS 


SUB-NOTE  1(4)  (Sheet  2  of  2  Sheets)  KP-21B  Type. 
Stellite  25.  Ball  Bearing 
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Ccanment:  Load  life  curve  should  be  distributional  for  design 
for  reliability  usage. 
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CHAP  6  -  AIRFRAME  BEARINGS 
SECT  6F  -  BEARING  CHARACTERISTICS 


AFSC  DH  2-1 
DN  6F1 
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AFSC  DH  2-1 
DN  6F1 


CHAP  6  -  AIRFRAME  BEARINGS 
SECT  6F  -  BEARING  CHARACTERISTICS 


Comment:  Load  life  curve  should  be  distributional  for  design 
for  reliability  usage. 
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CHAP  6  -  AIRFRAME  BEARINGS 
SECT  6F  -  BEARING  CHARACTERISTICS 


AFSC  DH  2-1 
DN  6F1 


SUB-NOTE  1(6)  (Sheet  1  of  2  Sheets)  Needle  Bearing 
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Comment:  Change  dimensions  as  shown  above. 

Rationale:  Dimensions  of  bearing  diameter  are  not  compatible, 


AFSC  DH  2-1 
DN  6F1 


CHAP  6  -  AIRFRAME  BEARINGS 
SECT  6F  -  BEARING  CHARACTERISTICS 


Comment:  Load  life  curve  should  be  distributional  for  design 
for  reliability  usage. 
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CHAP  6  -  AIRFRAME  BEARINGS  AFSC  DH  2-1 

SECT  6F  -  BEARING  CHARACTERISTICS  DN  6F1 


SUB-NOTE 


1(7)  (Sheet  1  of  2  Sheets)  Spherical  Bearing 
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AFSC  DII  2-1 
DN  6F1 


CHAT  C  -  AIRFRAME  BEARINGS 
SECT  6F  -  BEARING  CHARACTERISTICS 
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CHAP  6  -  AIRFRAME  BEARINGS 
SECT  6F  -  BEARING  CHARACTERISTICS 


AFSC  DH  2-1 
DN  6F1 


I  SUB-NOTE  1(8)  (Sheet  1  of  2  Sheets)  Spherical  Loader 
Slot  Bearing 
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AFSC  DH  2-1 
DN  6 FI 


CHAP  G  -  AIRFRAME  HEARINGS 
SECT  GF  -  BEARING  CHARACTERISTICS 


Conunent:  Load  life  curve  should  be  distributional  for  design 
for  reliability  usage. 


G  5< 


16 


CHAP  G  -  AIRFRAME  HEARINGS 
SECT  GF  -  BEARING  CHARACTERISTICS 


AFSC  DH  2-1 
DN  6F1 
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AFSC  DH  2-1 
DN  6 FI 


CHAP  G  -  All’ FRA  MI'  BEARINGS 
SECT  6F  -  BEARING  CHARACTERISTICS 


CHAP  G  -  AIRFRAME  BEARINGS 
SECT  GF  -  BEARING  CHARACTERISTICS 


AFSC  DH  2-1 
DN  GF1 
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AFSC  DH  2-1 
DN  6F1 


CHAP  6  -  AIRFRAME  BEARINGS 
SECT  6F  -  BEARING  CHARACTERISTICS 


SUB-NOTE  1(10)  (Sheet  2  of  2  Sheet;;)  Graphite  Bushing 
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Comment:  Load  life  curve  should  be  distributional  for  desig] 
for  reliability  usage. 
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CHAP  6  -  AIRFRAME  HEARINGS  AFSC  DH  2-1 

SECT  GF  -  BEARING  CHARACTERISTICS  DN  6F1 


SUB-NOTE  1(11)  (Sheet  1  of  2  Sheets)  Flexural  Pivots 
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CHAP  G  -  AIRFRAME  BEARINGS 
SECT  6F  -  BEARING  CHARACTERISTICS 
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CHAP  C  -  AIK  FRA  Mi;  BEARINGS 
SECT  6F  -  BEARING  CHARACTERISTICS 


AFSC  DII  2-1 
DN  GI'T 


AFSC  DH  2-1 
DN  6F1 


CHAP  C  -  A1RFRAMK  BEARINGS 
SECT  6F  -  BEARING  CHARACTERISTICS 


Comment:  Load  life  curve  should  be  distributional  for  design 
for  reliability  usage. 
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CHAP  6  -  AIRFRAME  BEARINGS 
SECT  6F  -  BEARING  CHARACTERISTICS 
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AFSC  1)11  2-1  CHAP  G  -  AIRFRAME  BEARINGS 

UN  Gl'l  SECT  6F  -  BEARING  CHARACTERISTICS 


SUB -NO’]  E  (Sheet  2  of  2  Sheets)  Plain  Spherical  Bearing 
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Comment:  Load  life  curve  should  be  distributional  for  design 
for  reliability  usage. 


***i  r~  ^ 

.  .i  ' 


26 


CHAP  6  -  AIRFRAME  BEARINGS 
SECT  6E  -  BEARING  CHARACTERISTICS 


I 


DESIGN  NOTE  6F2 


1.  INTRODUCTION 

To  aid  the  designer  in  bearing  selection, 
this  Design  Note  presents  the  standard  .MS 
bearings  with  supplemental  dimensions  and 
load  data.  In  addition,  correct  housing  bore 
and  shaft  dimensions  are  given  for  the 
proper  mounting  of  e;  eh  bearing.  With  proper 
lubrication,  the  bearings  are  useful  for  a 
temperature  range  of  -df>T'  to  3f>0T  except 
the  MS21220,  MS212N 1 ,  and  MS21223  bee  rings 
which  are  useful  for  a  range  of  -07'  to 
25(Tr. 

2.  BALL  HEARINGS 

The  standard  airframe  ball  hearings  ;  re 
shown  in  SN  2(1)  ihnu’gh  SN  2(10). 


3.  NEEDLE  BEARINGS 

The  standard  airframe  needle  roller  hearings 
are  shown  in  SN  3(1)  through  SN  3(7). 
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A  ESC  DH  2-1 
DN  Cl' 2 


4.  ROLLER  BEARINGS 

'I'lie  standard  airframe  self-aligning  roller 
bearings  are  shown  in  SN  4(1)  threvgh 
SN  4(4). 


5.  SPHERICAL  BEARINGS 

The  standard  airframe  pL-.:n  spheri' bear 
ings  are  shewn  in  hN  5(1)  throw  n.  SN  fvr. 

C.  BUSHINGS 

The  standard  airframe  bushings  are  shown 
in  SN  0(1)  thiough  SN  0(0). 

7.  ROD  ENDS 

The  standard  rod  end  hen  rings  art.  shown 
in  SN  7(1)  t! trough  SN  7(5). 


A  FSC  DH  2-1 
DN  CF2 


CHAP  6  -  AIRFRAME  BEARINGS 
SECT  6F  -  BEARING  CHARACTERISTICS 


CHAP  6  -  AIR  Fit  A  Mb'  BEARINGS  AFSC  DH  2-1 

SECT  CF  -  BEARING  CHARACTERISTICS  DN  6F2 


SUB-NOTE  2(1)  (Sheet  2  of  2  Sheets)  Heavy  Duty  Bull 
Bearings  (MS27G40) 
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Comment:  Load  life  curve  should  be  distributional  for  design 

for  reliability  usage.  Engineering  strength  data  should  be 
presented  in  statistical  terms  (parameters). 
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AFSC  DH  2-1 
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CHAP  6  -  AIRFRAME  BEARINGS 
SECT  6F  -  BEARING  CHARACTERISTICS 


SUB-NOTE  2(2)  (Sheet  1  of  2  Sheets)  Medium  Duty 
Ball  Bearings  (MS2TG-11) 
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DN  6F2 


SUB-NOTE  2(2)  (Sheet  2  of  2  Sheets)  Medium  Duty  Ball 
Bearings  (MS276-11) 


Comment:  Load  life  curve  should  be  distributional  for  design 
for  reliability  usage.  Engineering  strength  data  should  be 
presented  in  statistical  terms  (parameters) . 


AFSC  DH  2-1 
DN  6E2 


CHAP  C  -  AIRFRAME  BEARING'S 
SECT  6F  -  BEARING  CHARACTERISTICS 


SUB-NOTE  2(3)  (Sheet  1  of  2  Sheets)  Extra-Light  Duty  Ball  Bearings  (MS270  5:1,) 
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CHAP  G  -  AIHKHAMi:  HEARINGS 
SECT  GI-  -  BEARING  GJIARACTKJ11E  1  ICS 
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SUB-NOTE  2(3)  (Sheet  2  of  2  Smvls)  Extra-Eight  Duty 
Ball  Bearings  (MS.* V 2) 
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Comment:  Load  life  curve  should  be  distributional  for  design 
for  reliability  usage.  Engineering  strength  data  should  be 
presented  in  statistical  terms  (parameters) . 
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CHAP  6  -  AIRFRAME  BEARINGS 
SECT  6F  -  BEARING  CHARACTERISTICS 


SUB-NOTE  2(4)  (Sheet  1  of  2  Sheets)  Double-Row  Heavy 
Duty  Self-Aligning  Ball  Bearings  (MS27643) 
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CHAP  6  -  AIRFRAME  BEARINGS  AFSC  DH  2-1 

SECT  GF  -  BEARING  CHARACTERISTICS  1)N  GF2 
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A  FSC  DH  2-1 
DN  6F2 


CHAP  6  -  AIRFRAME  BEARINGS 
SECT  6F  -  BEARING  CHARACTERISTICS 


SUB-NOTE  2(f))  (Sheet  1  of  2  Sheets)  Double-Row  Heavy 
Duty  Ball  Bearings  (MS27644) 
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CHAP  6  -  AIRFRAME  REA IUNGS 
SECT  OF  -  BEARING  CHARACTERISTICS 


A l-'SC  DH  2-1 
DN  6F2 


SUB-NOTE  2(5)  (Sheet  2  of  2  Sheets)  Double-Row  Heavy  Duty 
Ball  Bearings  (MS27644) 


Comment:  Load  life  curve  should  be  distributional  for  design 
for  reliability  usage.  Engineering  strength  data  should  be 
presented  in  statistical  terms  (parameters)  . 
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AFSC  DH  2-1 
DN  CF2 


CHAP  G  -  AIRFRAME  BEARINGS 
SECT  6F  -  BEARING  CHARACTERISTICS 


CHAP  6  -  AIRFRAME  BEARINGS 
SECT  6E  -  BEARING  CHARACTERISTICS 


AFSC  DH  2-1 
DN  612 


SUB -NOTE  2(G)  (Sheet  2  of  2  Sheets)  Self-Aligning  Byll 
Beai'ings  (iMS27G4L>) 
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Comment:  Load  life  curve  should  be  distributional  for  design 


for  reliability  usage.  Engineering  strength  data  should  be 
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A  FSC  DH  2-1 
DN  CI'2 


CHAP  6  -  AIRFRAME  BEARINGS 
SECT  6F  -  BEARING  CHARACTERISTICS 


Comment:  Load  life  curve  should  be  distributional  for  design 
for  reliability  usage.  Engineering  strength  data  should  be 
presented  in  statistical  terms  (parameters) . 
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CHAP  6  -  AIRFRAME  HEARINGS 
SECT  CF  -  REARING  CHARACTERISTICS 


AFSC  DH  2-1 
DN  6F2 


Sim-NOTK  ?(;<)  i:\lra  Wii...  Doublo-Rov;  Intermediate 
Duty  Hall  Kurin"--.  (M.s2Yi;  l’i ) 


F:  7-i  "» 

!  I! 

[r~:  I  j  • 

v&dM  - 1 


I 

i.  !  . 


-t 

lflk>  ,fv  v  ■  J : 

v\  \  .  .  M--t  \  \  \  ./  i .  __ 


Ci.'  -  WITH  t  <  t  I’uJI* CATJOM  CKCi.'VI 


1  K  u 

s'- 

»MT‘  -L 

•  K 

l 

C»t 

.  t 

V 

It) 

(I) 

(r) 

(d) 

(r) 

ft 

i,-V  *  j 

! '  TI 

I  T ' 

1  V 

i  ♦ 

i  VJ|.. 

'  .  t  !’  • 

;  i  *■' 

1  i  1 

1  i 

I,-.: 

1 

1 

(:. 

*i*;; 

(.) 

1  . 

!4  *  .1 

i  1  ’ « 

i  -!i'i 

1*-^: 

1  -  .0-1. 

I _  . 

i;  i,.1 

.r  !i*l. 

r—  -  •  ■ 

••  i 

■  • 

*r  <  S 

1 :  *' 

Cl...  1 

<jY- 

.  i  1  i 

«•  •••  1 

.. 

>  --.j 

l.i.-'  |  i  -Cl  3 

i..i  | 

. .  ,  t 

ii>. 

-J 

1 

{  .  -  N  .  1 

:•?  i .  •  1 

t  .  r«  - 

i  •  /  -i  i 

• :  * 1 1*  is  i 

c*  •  i  *  >  : 

».L.  tKL. 

♦ .  i 

•AY.? 

■  -  . .  --J'  11 

Ml-  |  CJl.f  IH''1’  |‘  "•'* 


(f)fAOIA.  IOA0 
IATINC.  (lfl.1 
I  A'.'lf.AU  u-r 

hi  I  G'<  7 

yr  r o ,ooo  com^leu 

so1  cum  ./jiw/., 


k  ,,v  t.-r.[  I  W.t.  I  '  SO'  full  ,/JfM;. 

. .  4 - (/AT  I  KG  WIINC _  _ 

UT,  IH.  (t'c.-st  i  PctT-t  II _ 

ii:o  jao  ic*r.o _ _ S’'*»  _  io:5_ 

■j: _  j  900  jc.-a _ Upo 

•  004  -OJS  -016  5,l,n  _ltKI_  JU'O ___  7170  J  -°7 

•  4?'J  _ pi,  I.Q  7600 _ 1770  370 _ [_;!£ _ 

■1-‘>  I _ -037  UTi  ^,702  70 10 _ 65? 0  I  -73 


(r)  a  >  r-".  .  ci*  ■  'ik/  ■  :;v  i  i./.nt  crir  f r. h  »ia*im  ntt  t'Anti’.  ih  Thi  win  l(  acuptabu. 

(■J)  /.  I  -•  Mi  f  l  . , r  ■  . -.  I  I.  ;,A“  1  mu:  :i  lAAAhCl.VIU  U  AlttPTAUf. 

1*1  l-.‘f  '  -  I  I  ti  1-7  tcr»»  '  . 

ID  1-  I.  ‘  |'|  lo'A  'f  i-.-i  Whin  MlWtCirO  10  OWAAIISW  AT  JOCl*  f,  THE  AATtWCS  SKC'UllI 

tr  i  ,  ’  i3  i  >  ;  • 

I.  Wlllll.l  H>-';  '.’II..  Iff.  Of  '.f,  I  5?  100 

t-ui,  ’.  :i.,  it-.'  i j ’ i ' -  c-n 

7  ’'■■LI.  .  l-flr/.  :  I  . .  I  .!•<!  Ill  ISA  IK  Cl  POUHTl.muOAOflHUfWf  i«lt ,  ClASS  TAtAIC  ICIKFOIClDn* 

i  <1*;  '  : •;  :k  .  l'.;-  '  iov  AH $3$6fc. 

4.  iiu»n  ;  ■  .  ft ' l  * f* •  *  .  r  i.  li  D  804  H'N 

5  ,  r  hi r.  'ii/'  ru.es  ;u:<  f*:is  *o  iGCrwcu  ,,fM  Co  to  f?  ma&iuhp  k*  duration  at  2$o'r. 

6  $;r/:i  *•/ .■lm:.  *  b  pr**oi*i  »r  s  aa  RfR  an.i 

Fl/'K'.  /Li.  I'-L*  .  ;>  m  !»  iX-lfl  fc.'JF.t,  /*0  Sf/‘i.  RET# INI  f.$ ,  C«D".IUK  U/UD  PER  QQ>Ml6t  Ttfl  I,  CLASS  2. 

C.  .P'i  io  .otj  inch 

v  r/o ial  /l-»  t At r r •  niLl*¥.  i .ue  10  max. 

Mt?  v'ts,  c 0.1  fc •  *  wr. 

MU.  lEtll?  f.  »/  *.MAS«  f>v;v[  UK. 


Comment:  Load  life  curve  should  be  distributional  for  design 

for  reliability  usage.  Engineering  strength  data  should  be 
presented  in  statistical  terms  (parameters) . 
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A E’SC  Dll  2-1  CHAP  G  -  AIRFRAME  HEARINGS 

I)N  f.r2  SECT  6K  ••  BEARING  CHARACTERISTICS 


SUB-NOTE  2(9)  Externally  Self -Aligning, 

Extra  Light  Duty  Bearings  (MS27648) 


Al'SC  DH  2-1 
DN  6F2 


CHAP  G  -  AIRFRAME  BEARINGS 
SECT  OF  -  BEARING  CHARACTERISTICS 


Rational:  Make  title  agree  with  MS  title. 

Comment:  Picture  seems  to  be  in  error,  the  self-aligning  ring 

/  ' 

should  not  be  shown  tilted  over  same  as  bearing  inner  and 

I  » 

outer  ring. 

i 

Comment:  Load  life  curve  should  be  distributional  for  design 
for  reliability  usage.  Engineering  strength  data  should  be 
presented  in  statistical  terms  (parameters) . 
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SECT  6F  -  HEARING  CHARACTERISTICS 
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CHAP  6  -  AIR  FRAME  REA  III  KGS 
SECT  GF  -  BEARING  CHARACTERISTICS 


AFSC  DH  2-1 
DN  6F2 


Rationale:  Temperature  limit  should  be  added  to  high 
j temperature  interference. 


Comment:  Load  life  curve  should  be  distributional  for  design 

for  reliability  usage.  Engineering  strength  data  shoaxd  be 
presented  in  statistical  terms  (parameters) . 
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CHAP  6  -  AIRFRAME  BEARINGS 
SECT  6F  -  BEARING  CHARACTERISTICS 


CHAPTER  6  -  AIRFRAME  BEARINGS 
SECT  6F  -  BEARING  CHARACTERISTICS 


AFSC  DH  2-1 
DN  6F2 


t 


SUB-NOTE  3(1)  (Sheet  2  of  2  Sheets)  Heavy  Duty  Needle 
Bearings  (MS244G1) 
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Comment:  Load  life  curve  should  be  distributional  for  design 


for  reliability  usage.  Engineering  strength  data  should  be 
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CHAP  6  -  AIRFRAME  BEARINGS 
SECT  6F  -  BEARING  CHARACTERISTICS 


SUB-NOTE  3(2)  (Sheet  1  of  2  Sheets)  Light  Duty  Needle 
Bearings  (MS24462) 
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CHAP  6  -  AIRFRAME  HEARINGS 
SECT  6F  -  BEARING  CHARACTERISTICS 


AFSC  DH  2-1 
DN  6F2 
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Comment:  Load  life  curve  should  be  distributional  for  design 
for  reliability  usage.  Engineering  strength  data  should  be 
presented  in  statistical  terms  (parameters) . 


AFSC  DH  2-1  CHAP  G  -  AIRFRAME  BEARINGS 

DN  6F2  SECT  GF  -  BEARING  CHARACTERISTICS 


MATERIAL:  lUlt  M-l-S'WJO.  Mtl-S-WVO,  M1L-S-74U  OO-S-424,  GO  5*411,  »fO  STO  NO.  U 
$1111  NO.  SOW.  moo,  AND  S2KO 
flATiNG*  CAOMIVM  flAU,  QU  P-416,  1VH  I.  CIA55  1 
MACHINE  FINISH  AK&J  M6.1  *  1162 

IUBIICATION:  |fAllN-5SFijtNIS»»tD  SHA||  IE  LUlHf  ATfD  WITH  GREASE  CONfOPMtNO 
TO  MII-G-7W27 
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PLACID  ON  THE  |>  APING  WttHINAUAllOwAllE  .0001  INCH  MINEtl  UF  THf  INNtt  lA'f,  HlOHf *  LOADS  WRL  DANf-f  *OU'RV  |»1N£ll 
THE  RACtS  AND  n  IMANENUY  0f»O«M  TH  100115.  THfUM.t  OK  WOlriNG  LOAD  Of  THf  It  APING  SHOULD  IE  TAM  NAS  2/1  Of  THf 
AlSCmn  STATIC  CAPACITY. 
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CHAP  6  -  AIRFRAME  BEARINGS 
SECT  6F  -  BEARING  CHARACTERISTICS 


AFSC  DH  2-1 
DN  6F2 


Comment:  Load  life  curve  should  be  distributional  for  design 
for  reliability  usage.  Engineering  strength  data  should  be 
presented  in  statistical  terms  (parameters) . 
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CHAP  6  -  AIRFRAME  BEARINGS 
SECT  OF  -  BEARING  CHARACTERISTICS 


SUB-KOI  K  3(4)  (Sheet  I  of  2  Sheets)  Heavy  Duty  Self-Aligning 
Double  How  Needle  Bearings  (MS24464) 
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CHAP  6  -  AIRFRAME  BEARINGS 
SECT  6F  -  BEARING  CHARACTERISTICS 


AFSC  DH  2-1 
DN  6F2 


Comment:  Load  life  curve  should  be  distributional  for  design 
for  reliability  usage.  Engineering  strength  data  should  be 
presented  in  statistical  terms  (parameters) . 
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AFSC  DH  2-1 
DN  6F2 


CHAP  6  -  AIRFRAME  BEARINGS 
SECT  6F  -  BEARING  CHARACTERISTICS 


SUB -NOTE  3(5)  (Sheet  1  of  2  Sheets)  Single  Row  Track 
Rollers  (MS24465) 
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CHAP  G  -  AIRFRAME  BEARINGS 
SECT  6F  -  BEARING  CHARACTERISTICS 


SUB -NOTE  3(G)  (Sheet  1  of  2  Sheets)  Double  Row  Track 

Rollers  (MS244G6) 
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CHAP  6  -  AIRFRAME  BEARINGS 
SECT  6F  -  BEARING  CHARACTERISTICS 


AFSC  DH  2-1 
DN  6F2 


SUB-NOTE  3(6)  (Sheet  2  of  2  Sheets)  Double  Row  Track 
Rollers  (MS2446G) 
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Comment;  Load  life  curve  should  be  distributional  for  design 
for  reliability  usage.  Engineering  strength  data  should  be 
presented  in  statistical  terms  (parameters) . 
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AFSC  DH  2-1  CHAP  6  -  AIRFRAME  BEARINGS 

DN  6F2  SECT  6F  -  BEARING  CHARACTERISTICS 
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CHAP  6  -  AIRFRAME  BEARINGS 
SECT  6F  -  BEARING  CHARACTERISTICS 


AFSC  DH  2-1 
DN  CF2 


SUB-NOTE  3(7)  (Sheet  2  of  2  Sheets)  Cam  Follower 
Track  Rollers  (NAS562) 


Comment:  Load  life  curve  should  be  distributional  for  design 
for  reliability  usage .  Engineering  strength  data  should  be 
presented  in  statistical  terms  (parameters) . 
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AFSC  DH  2-1 
DN  6F2 


CHAP  G  -  AIRFRAME  BEARINGS 
SECT  6F  -  BEARING  CHARACTERISTICS 


SUB-NOTE  4(1)  (Sheet  1  of  2  Sheets)  Self-Aligning  Roller 
Bearings  (MS28912) 
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CHAP  6  -  AIRFRAME  BEARINGS 
SECT  6F  -  BEARING  CHARACTERISTICS 


AFSC  DH  2-1 
DN  6F2 


Comment:  Load  life  curve  should  be  distributional  for  design 
for  reliability  usage.  Engineering  strength  data  should  be 
presented  in  statistical  terms  (parameters) . 
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CHAP  6  -  AIHFRAME  BEARINGS 
SECT  6F  -  BEARING  CHARACTERISTICS 


SUB-NOTE  4(2)  (Shot  <  1  of  2  Sheels)  li.jnvy  Duty  Self-Aligning 
Roller  Bearings  (MS28913) 
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CHAP  6  -  AIRFRAME  BEARINGS 
SECT  6F  -  BEARING  CHARACTERISTICS 


AFSC  DH  2-1 
DN  6F2 


Comment:  Load  life  curve  should  be  distributional  for  design 
for  reliability  usage.  Engineering  strength  data  should  be 
presented  in  statistical  terms  (parameters) . 
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AFSC  DH  2-1 
DN  GF2 


CHAP  6  -  AIRFRAME  BEARINGS 
SECT  6F  -  BEARING  CHARACTERISTICS 


SUB-NOTE  ‘1(3)  (Sheet  1  of  2  Sheets)  Extra-Heavy  Duty 
Self-A!  lining  Roller  Bearings  (MS28914) 
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CHAP  6  -  AIRFRAME  BEAR1NCS 
SECT  CF  -  BEARING  CHARACTERISTICS 


A  ESC  DH  2-1 
DN  GF2 


i 


SUB-NOTE  4(3)  (Shout  2  of  2  Sheets)  Extra-Heavy  Duty 
Self-Aligning  Roller  Bearings  (MS2S914) 
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Comment:  Load  life  curve  should  be  distributional  for  design 

for  reliability  usage.  Engineering  strength  data  should  be 
presented  in  statistical  terms  (parameters) . 
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AFSC  DH  2-1 
DN  6F2 


CHAP  6  -  AIRFRAME  BEARINGS 
SECT  GF  -  REARING  CHARACTERISTICS 


SUB-NOTE  4(4)  (Sheet  1  of  2  Shoe's)  Light  Duly  Self-Aligning 
Roller  Bearings  (MS2891G) 
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CHAP  6  -  AIRFRAME  BEARINGS 
SECT  6F  -  HEARING  CHARACTERISTICS 


AFSC  DII  2-1 
DN  GF2 
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AFSC  DH  2-1 
DN  CF2 


CHAP  6  -  AIUI’RAME  BEARINGS 
SECT  CF  -  BEARING  CHARACTERISTICS 
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CHAP  6  -  AIRFRAME  BEARINGS 
SECT  6F  -  BEARING  CHARACTERISTICS 


AFSC  DII  2-1 
DN  6  T'2 


SUB-NOTE  5(1)  (Sheet  2  of  2  Sheets)  TFE- Lined  Plain 
Spherical  Bearings  (MS14101) 
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Comment:  Load  life  curve  should  be  distributional  for  design 
for  reliability  usage.  Engineering  strength  data  should  be 
presented  in  statistical  terms  (parameters) . 
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AFSC  DH  2-1 
DN  6F2 


CHAP  6  -  AIRFRAME  BEARINGS 
SECT  6F  -  BEARING  CHARACTERISTICS 


\ 


SUB-NOTE  5(2)  (Sheet  1  of  2  Sheets)  TFE-Uned  Plain 
Spherical  Bearings  (MS14102) 
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CHAP  6  -  AIRFRAME  BEARINGS 
SECT  6F  -  BEARING  CHARACTERISTICS 


AFSC  DM  2-1 
DN  6F2 


SUB-NOTE  5(2)  (Sheet  2  of  2  Sheets)  TFE-Lincd  Plain 
Spherical  Bearings  (MSI*!  102) 
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Comment:  Load  life  curve  should  be  distributional  for  design 
for  reliability  usage.  Engineering  strength  data  should  be 
presented  in  statistical  terms  (parameters)  . 
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AFSC  DH  2-1 
DN  6F2 


CHAP  6  -  AJHFHAME  BEARINGS 
SECT  6F  -  BEARING  CHARACTERISTICS 


SUB-NOTE  5(3)  (Sheet  1  of  2  Sheet3)  TFE-LJned  Plain 
Sj)herical  Bearings  (MS14103) 
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•6  ,30Xi  |  1.0000  I  .SOS  .207*1  9  ]  .til  t  .922 J  2/500  j  4»V«t  149.50  _  .100 

•9 _ .5475  .  1.1750  |_._sx-  *  .721  <  1C ”1 .070  I  .637  I  1,077  ,  .V.4CO  >  $3 /o’  HIM  .135] 

-io~  ~  .o7s.i  i.ii/5  rrs.-r* .747"  T?~j  "Ttdd  3«cooT  '  '  “Too! 

•1?..,  .<!’/#  »  1  .675  1.753  j  5S3W  •  7/30  ?<,;  * _ !_  _ ^745] 

•14  ,S750  ]  1 ,0750  [  .755  !  .95 5  ;  .W0  6  1  '_;875  __<_15S3t  <?7V  *  1 C- ~0D  _ 33. 00  j  ,,  n?30| 

-16  1.000C  !  7.1 75011. COj  11.269  12  1 .375  T^OuT]  137000  !'  ISOOv '  VlVj  I  970! 

1-MAURIAL:  (o)  BALL  440C  AM5  5630.  ( 

(9)  OUTER  RING  AMS  5*43 '17-4PH1. 

(c)  LINER  -  TTt  SHALL  Bt  INCLUD  t>  IN  THE  LINfK, 

7-FINISHi  SURFACE  FINISH  BALL  DIA  RHP  6  MAX:  BOH,  BAIL  FACE,  AND  OUUR  RACE  DIO  f:HR  37  MAX:  ALL  OTHER  EUR  125  MAX. 

3- HARDNESS:  BALL  55-62  Rc,OUTER  RING  Fc  23  MINfc  35  MAX. 

4- DIMENSIONS  IN  INCHES.  UNLESS  OTHERWISE  SPECIFIED,  TOURANCL5:  DECIMALS  j  .010  ANGIES  it/2" 

5- BREAK  SHARP  EDGES  AND  CORNERS  AND  REMOVE  ALL  BURRS  AND  SLIVERS. 

6- THE  -3  SIZE  BLARING  IS  EXEMPT  FROM  THE  "RADIAL  STATIC  I IMIT  LOAD'  TEST  AND  THE  "OSCILLATION  UNDIl:  FADIAl  LOAD" 
TEST  BECAUSE  THE  LOAD  CAPACITY  Of  BEARING  IS  PIN  CRITICAL. 


7-WHEN  TESTED  TO  THE  FLUID  COMPATIBILITY  O1  HIGH  UMRfRATUPf  REQUIREMENTS  OF  THE  PROCUREMENT  S',ECIF|CATION,THE 
OSCILLATING  LOAD  SMALL  BE  DECREASED  TO  75’-  OF  SPECIFIED  LO/.D. 


DASH  NUMBER  DESIGNATES  NOMINAL  BORE  DIAMETER  IN  SIXTEENTHS  OF  AN  INCH. 
EXAMPLE  OF  PART  NO.  MS  14103-6  «  .3750  BORE. 


! 

CHAP  6  -  AIRFRAME  HEARINGS  AFSC  DH  2-1 

SECT  6F.  -  BEARING  CHARACTERISTICS  DN  6F2 


SUB-NOTE  5(3)  (Sheet  2  of  2  Sheets)  TFE- Lined  Plain 
Spherical  Bearings  (MS14J03) 


QUALIFICATION  LOAD  LIFf  DATA 


DASH  NO. 

eo?f 

-.oyts 

OSCILLATING  LOAD©  l* 

K'ft  CrCll  lift  AT 

;2J\  10  CAM 

motm 

.IVuO 

4.SGC 

mam 

.7VO 

A.JUO 

|  3 

.311'S 

« 

A7‘Ji 

F.3'0 

7  AND  n 

.4J.*3 

11,750 

l 

M.BtS 

9 

If .  1  00 

10 

.<;v) 

1J 

.7  .•**» 

■■SMB 

,67V 

3i,kS»» 

mom 

i.rv 

!s.. 250 

©  f.'  (  LmI.IW.15J0  FOf  OTHER  CON9PKJNI  Of  LOADING 


SHAFT  AND  HOUSING  FITS 


DA«H  U'.<. 

O.D. 

♦.core 
-.f tf/i 

HOUSING  fcCtrr 

sun  riA»/£ur 

3 

.674 1  -  .<??» 

to«  DIA 

-.M»5 

4 

.6?» 

*  .4/1? 

s 

M  '3 

,6&M 

4 

.e  U5 

.6119  -  .BIN 

.916*  -  .W44 

7 

.w  > 

1 

l.pwi 

9 

1.U50 

HHOSBOuedli 

10 

1.1675 

U*6»-  I.ICSA4 

i? 

1.3730 

i< 

1.4750 

KntSHSBDB 

16 

M?44  -  M7J7 

Comment :  Load  life  curve  should  be  distributional  for  design 
for  reliability  usage.  Engineering  strength  data  should  be 
presented  in  statistical  terms  (parameters) . 

12Z< 


45 


AFSC  DH  2-1 
DN  6F2 


CHAP  6  -  AIRFRAME  BEARINGS 
SECT  f.F  -  BEARING  CHARACTERISTICS 


123< 
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CHAP  6  -  AIRFRAME  BEARINGS 
SECT  6F  -  BEARING  CHARACTERISTICS 


Comment:  Load  life  curve  should  be  distributional  for  design 
for  reliability  usage.  Engineering  strength  data  should  be 
presented  in  statistical  terms  (parameters) . 


12  V 
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AFSC  DH  2-1 
DN  6F2 


CHAP  C  -  AIUFRAMIi  BEARINGS 
SECT  OF  -  BEARING  CHARACTERISTICS 


M  IMNtl  l  r-  MISSION  #*4  0  K  ,'f  ,'lA».*i  It*  IO  ft  *  ’AM. t*  UK  ‘WAGING 
MAIOUl  l*lt  • 

I  AC  l  •  u  :.A:  “i*  :i.a,  I.Ml  M  t  c  4716  Ot  A'U-S-lC'A  ■»•  ALUMINUM  lONZC 

MNhH-  tAtl  -  rnfjMl  flATF  OO^-j.X,  HAS'.  7.  .?>?*'  •fl.vWON  SN.f  piCAL  SIKVACIS ,  .CK'5  ON  l*W 

IACC  ♦  tAUUVAFhMlN  jOQ-r*4'4,  1  vi  C  I,  CIA  S  2. 

HHWF.V  l*t »  •  t-  \i  V‘r{ 

»Acr  -  Aitov  s:m,  2’  :** 

IMKICAIlOri:  ftf/ACMO  WI»H#*!l.G-7U'< 

sumaci  mr.ii*  sp«i»icai  sd^acf  of  mu  e  i i».  igk,  iau  fau  and  ouirx  «'ct  o.n.  3?rm».  au  otm«# surface  12s  kh* 

HMPfMIGW  RANCC;  -«S'f  »-. 

DlMfN'.IONS  IN  INCMtS  ,  INlt/,  C'lUt.v  Sf  SFUIHID 
fOURANOv  PCCMAIS  I.CK-,  AMGUMl/2" 

IVAr  SHAIR  fD&fS  AND  CG*/!tRS  AMP  IkMTVt  All  »UilS  AND  SIT/f  t 

x  y< 

L  I—  |}rf  fHAMHIR  COM  II »  MUllintS  OF  I  fiu  INCH 

oinct  iv.ri  maimi'I  coot 

IASK  MS  RAM  NUAEtl 


(XAMRlt  OF  f ART  NUMf-'t.  MS?I !_M_ 


Comment:  Load  life  curve  should  be  distributional  for  design 
for  reliability  usage.  Engineering  strength  data  should  be 
presented  in  statistical  terms  (parameters) • 

a  a'  r,. 

*jt - 
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CHAP  6  -  AIRFRAME  BEARINGS 
SECT  6F  -  BEARING  CHARACTERISTICS 


AFSC  DH  2-1 
DN  6F2 


SUB-NOTE  5(G)  Plain  Spherical  Bearings  (MS21155) 


-L  i  r__r- 

T-rf'7UTRrr“ 


i oi a  hoih 
ftQUAUY  IFACfO  • 
IMKJUGM  |#U 
ANDUCf 


J 

CXI - 

5  "  - »Af)  Ot  OfTI 

•- - w  *  — ♦ 


V)  ot  OfTlO’M;  »IIU  t  aaiui 


XDiiKizd.r. r 


1  :'-i 
it  I  i.v»c  !  i..  •*  J 


1  »'>■  !  _ ;  •  _ •_ 

.<•  '  .-v?  T «  m  14 va  tV»« 

i.iiv  v  1.003  i  .'Vi  * 


(•)  l  HV'NilON  AMD  M  r  MAMTICI  lO  *!  IaIAIUCO  AMU  SWAGING 
MAtfUAl:  »AU  -  3?*0C,  44X  AV*.  *!Y» 

IACI  •  CUt>'  if  -i*  AUOY  5»»U,  Mll-S-VTX),  Ol  V  ALIA/  *J*JM  l»ON7l 

FINISH:  |AU  -  CMOMt  riAtl,  0'.-:  J23.  CUiiJ,  .OJOM^NIMLMONSMUlCALSlWAClS,  .ftMSON  FACIS 

ucf  «ca u*'j»  run  ki  caj.j-4i«,  irrt  i,  class ; 

MAtONfHi  fAtt.lUVW'M 

IACC  •  »*  7/06  ALLOY  5U(t 

iu?«iCATioNt  fuucrtn  vntHMn.G-?i»^ 

tuiiAa  vmisni  s^nrurAi  svfucior  iau  u  *h*;  to**.,  iall  facf  andolpu  iacio.d.  3?  •  r*« .  all  own  sumach  \z>  khi 

1C»WATU»f  LANGf .  -<I*I  ta  *?W» 

DIMIMSKA1S  IN  t^CHlS  UNlfSS  OIMirw,'!  StfClNCD 
t6lC»A.MCf',f  MCIMAIS  ».CK-f  AHf.lfS  »l  V 

|M.I  AU  5HU*  (DSfi  A.Nl>  ff,'N|C  AMO  ff»OVC  AIL  lUhtt  AND  !(MB 
lAAA'UT  OF  FAM  NUMF' I.  MS711S5  X  JCK 


-  BOtf  COOf  IN  MlilllFifS  or  1/14  INCMfS 


•  IACI  AU.UUAL  COM 


I/.SIC  W  NLA/It  I 


Comment:  Load  life  curve  should  be  distributional  for  design 
for  reliability  usage.  Engineering  strength  data  should  be 
presented  in  statistical  terms  (parameters) . 

1 26< 


AFSC  DH  2-1 
DN  6F2 


CHAP  C  -  AIRFRAME  BEARINGS 
SECT  6F  -  BEARING  CHARACTERISTICS 


SUB-NOTE  6(1)  (Sheet  1  of  2  Sheets)  Clamp-Up  Bushings 
(NAS72,  73,  74) 


Wl.  IN  Wt .  IN 

If.' 'IN.  I ‘'.'IN. 

Jl*ON7t|  (STlEU 


VJtEACE  FINISH 


SUtMCE  »OUGMNfSSDlS'GNATION$INACCO*DANCI  WITH  ASSt  (RHHI 


ALL  DIMENSIONS  IN  INCHES 


UNLESS OINMWIS!  SHCIIIED  (>!ClMAlS  »  .tlO,  ANGUS*  S" 


NOTES  NAS-7?  I.  lUSM’NGS UNDfl  .)/<  IN  lENC IH  J  lAli  NO*  tk  GrOOVEO 

2.  INSIDE  *  NO  OUTSIDE  D  Avnfl  TO  IE  fAl,'*.  t  AND  CO  NCI  NT*  lC  WITHIN  .«J  TOTAL  INDiCATO*  AUiNG 

3.  IMAX  ALL  SHA»M;>0*S.G'A. 

4  THESE  fc'S'HNGS  n;»  If.TfMDEO  EC*  tfAvIN  *,  ON  A5SlM|i> 

i  11. 1  St  lUSHINGSAM  CIVCNCDIOI  CLAMP)- jg  TO  the  SHAN,  WITH  lllAUvt  MORON  OCCUMING  ON  THE  IMSHiNG  C  O.ONLV 

CODE  filST  DASH  NO  DESIGNATES  Sl.’f  AS  SHOWN  IN  #%OVE  TAM 

SICON'I  D**.M  NO.  rfV.-AATtSlENGIH  as  SMC*N  in  AK>'E  IAEiE  . 

lot  HOMING  UNGiHS  .375  AND  lONGt»,  lETTES  E  AfTEt  El»Sf  DA VI  NUMM*  DESIGNEES  IUSWNO  WITUOU1  G*OOVf 

EXAMPLES  NAS  T?  IT-012  ‘  MSHING,  .W3I  D.  X  .7V?  LONG  WITH  G*C-CVI 

NAS  /»-MOI2  -  USHING,  9QC  1.0.  »  .7*0  LONG  WiTmCUI  d^OVl 

MATE*  LAI  ALLOY  ST  HI  HEAT  MAUOlO  »?V«J0-  1*5.0001  SI  MAY  |(  MADE  »*OM  *130  S»Mt  ftAI,  SMC  MU-V67U.  »4?0STI(i  t**  SflC 

MU- 5  5050  0*  (GEJEvMfNf .  SEAMLESS  AtlOY  STffl  EUIING  MAY  IE  USED  AS  AN  OPT*  .’NAl  MAIL  H/ 1  NOViWD  THE  ElN’VED  NOCOCT 
MEETS  ALL  GTKft  IRJUilLMlNTS  O'  IMiS  DRAWING. 

IINISH  CHtOME  MATE  0.0.  PNDlNpS  IN  ACCORDANCE  WITH  QQ-COTO,  CLASS  2,  EXCEPT  TO  A  S'NGlI  1kIC#NE5SO»  COOS  mjN 

E. COLO  MIN.  ON  THE  O.D.) 
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CHAP  6  -  AIRFRAME  BEARINGS 
SECT  6K  -  REARING  CHARACTERISTICS 


A  ESC  DH  2-1 
DN  6F2 


SUB-NOTE  6(1)  (Sheet  2  of  2  Sheets)  Clamp-Up  Rushings 
(NASV2,  73,  74) 


NOW*  NASOJ 


I  t  I'H.UC.  I »•♦'»!  F  3",  IM  UNOTti  SH*  .1  NOT  6(  C.HOOVf:*. 

?.  iwir.i  anuo  ••  •.  *  C'.'wfRk  to  fi  r/>uufi  an;>  ioncinimc  v/iimim  .uJ  total 

Inor-atp*  .  . 

).  IRA*  All  I  •'  ,  .0»6 

4  Tr.t  f  t  r,» >•••  u«  •»  r.MNPfP  Fu?  HAMiN'*.  AV.lMSLV. 

5  !m<  (  t  j'Mir,  /  I?  ttM1'.*. r  FOF  to  :m:  WJ1H  IlLATIVf  MOTION 

Ofi  'RUNG  C'N  7*u  F  J'  O.t  .  OT  v  . 


co:>f 


l  »>*.*•  u 


H.'.Tf'A  H'.O  M.’l  A'  '.mOV.TJ  in  AK».f  Ta* 

M  UN':  L*.  H  I  O.  '  '  T  U«'  .*»l  A‘j  ‘  *‘../r*4  IN  f  •-  .  f  lAHI  . 

K»l  f  *  .*  I. •  >  AN.»  IONC-1F.  f  AMIf  FiF'T  DASH  Mu.Mlf*  MMGNAT|j 

I  /  *i  i/i  «VitnO  '  T.fr.T'vt 

NA,7J.{  </IJ  •  |  '  »*iN'.,  Suit  K  7*  MON'  W:»M  <  »*XV| 

NA\7J  biul?  '•  GHiUr.,  ,W|C>.  ■  U*N'..  VriTHjMJ*  C  'OOvl 


MM[I  At  *113*  }t(tl  M'At  UfA!!:i  TO  I2VC**  I  H.tffj  F  S  I  VA  >  I  '  *A' '«!  f  »OV  4  US  V I  f  .  *4f , 

’T  V.H.  'j  -<’•>.  F  '.'If  I  6.**.  K  fc*U.i4'.lWOF  r.M.MfM  Sf'-V AUOY 

v’lh  T  W.I  f.  .  *  A  ANf.i’  *.  -I  R.M.  ■')  H  F|m|‘m,‘;  FKH.Ul'1 

A'U  All  f>t*-».  i  .iyIV'.C  l-iti 

IP. I'M  f  A  •—  >J  f  i>»»  n  *>»rc  IYI|  li,  UA.V.  3 

S'J  a' I  ■..•'.•.(MVm'T  •  it  .t;  is/C.olAV.lWi'c/^i  t«U  !•,; 


Al  t  V  .,lO»  > 


I*'  l*KVi 


l 


,mii: 


TS.I  '  U’l'tM.I  !  ’  i  I  •  I F  0  ANCll.  »5* 


NO’tS  F.AV.74 


A4ATI  41*1  COC  l 
fin  ■*  h  ropf 
OInsmi  cor  i 


1  »  miNGSU'.  3’S  IN  S*.A||  N'M  •'  «'•*  OvfO. 

2  H'!1'!  *i.'  O  •  ’OI^AfAi:1  AN!'  -  .INN  Wltl'IN  f»J  TCMAt 

I*.  'AHA  •  i*!'  • 

3  M**  a . .  r. 

4.  '■  f %*'-  i  i  <  >  >  i  >•**/»''*  FsAR  iO 

5  t,"  I  •  -•  •  •  •••*.  r,  •  «  NOON  /  '!•.  . . 

4  ll  i  '  *  - '  »:■  ...  .  Gn,  .(,*•  nG  t CO.  4AU,  vt'fM  FttA'i.'t  >  TlOli 

cccj.'ino um  t  .r.1  i'i  j  (■  f » .  •  4  » . 

FOI  AUIW  N  f  |  *  /  'O.Al  \  -j\ .'!»  I  '  ll  til*  -/  u»  T*'f  MSIC  I A  »T  N  .1  Ai  l* 

10*.  O  VIUV  fl/U  l.  i.'M  S  |i||<  |m.  Ik  •  If*  *f  !C  Inf  IA‘«T  C*V<MN0. 

I  *i.  TA'.M  NO,  r.:  I  .  •..*!£:  M/l  A  .tO.-'IINAV  .f  "f.| 

iK  .  !.»  >M  ■  I  -I A'r .  |»N  •  •  ■  A  '.m  ..Al  t'l/!.  »VI  1A&H  . 

K  >  l  -  l*  .  ■■  1  "j  AND  l»  •  .  ill  O  l  A I  rr  f  f|l  .1  PA'.M  MUVt.M  fl'.MGr-.A  tf'p 

t  j  *r*c  vim-  .  :•  . 


|A>»*Tifs  m'.v?  -:u  ■  t  r.‘*  *•  o  v*  <  .?  tf.N  '.  v/i?m  r  r  oov* 

wa'na  roi?  r  ••  t,  *  iji  <  >  7».i i '  no  / r.w>  f.xoovf 

I . .  VA3  I  D  *  ?<<»  ICNO  C*'.OV(,  CA'>MitJ.*nAtn‘ 

VAIRlAl  Al'JMlNiJM  |»*)N2t  IAF.  F|F  SFfC.  U-C-«f.J 


FINISH-  IMFIUH'IV:'  ro.'-A.'r,  ’r**f  I.  riA'S  3  I  4  A^P^TlCiN  CA'..‘.-'*.t  HAU0 

I  ''i.;*  i.j’.'iin  ii  r  1  if  T  t-iiOA  ii.i  i*  viaOAF  #m»cm  v.ih  »-ot  »je cm f  oi 

If  ••  Cf'NI  '  «.  r  INCIOtUtn  tvJ  HANOI  IN'.  A  NO  '>{«VJCl  AND  V»»*lt  NOT  II 

INJURIOUS  TO  T  »•  A*  »*:»'<  I  . 


SUHACf  FINISH  SUfFACf  fcOUOHNfV,  Cjr  .GNATKT-N.  IN  ACCO*r>/NCl  W|Tw  ANSI  SW.t  -1HC2 
All  DIM?N',*ON7  IN  INCHfS. 

IIMITS  INIFSS  OlRMWISf  «*rO*lfO  DICRMIS  *  010.  AFJC.ICS 

Conunent:  Load  life  curve  should  be  distributional  for  design 
for  reliability  usage.  Engineering  strength  data  should  be 
presented  in  statistical  terms  (parameters) . 


1ZS< 
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AFSC  DH  2-1 
DN  6F2 


CHAP  G  -  AIRFRAME  BEARINGS 
SECT  6F  -  BEARING  CHARACTERISTICS 
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CHAP  G  -  AIRFRAME  HEARINGS  AFSC  DH  2-1 

SECT  CF  -  REARING  CHARACTERISTICS  DN  6F2 


SCR -NOTE  6(2)  (Sheet  2  of  2  Sheets)  Press-Fit  Bushings  (NAS75,  76) 


LCNOTM  COM 
ginual  cor  e 

ixAA»m 


I.  INilGI  (UA.  70  If  lAUtlht  AMD  CONCP47NC  V'lTM  O'JHIM  fHA.  WlfMIN  . C03 
•OIAt  INOICAtni  f  iNG. 

1  Alt  PlMINMONS  1C*  |.  ».*«>  A*7H  *LAH‘JG 
)  tHl'.r  ItftH'NG*.  WO*  iMlNDlL*  0OS  0»AMiNf.  ON  A'AfMUY. 

IINOIM  70  If  <r(Cillt!i  IN  INC  Hi'  AND  1  NK  C»  AN  INCH 

NAS-’i  -  «Wl  fAtH  NO.)  -  RfNOtM  t*A«»'  NO  > 

nv.'s*-#*  ’.Nii  .  whtNMi  r  r>t*  .  Vj?  iomc. 

HA'1';  •  Vl»t  »  1  •  •jit.  IN'  '  r  {..*  ,  li'l?iONO 

na*. “•  » s’Ni  )  •  -"ng  -  v  in*  tr  r  c  a  ,  )  tr«  if. 

NA575  C  -5 I!  *  SUfl  MIN’.  -  .H)  INSlM  i-  A  ,3-15  ij  lOt  '• 

AflOf  'till  *  rA7  | .  »  t » i  f*  70  »?V&A  »<’.'•  >:  9  .1  may  ff  AV  f  f  »K»V  «»*'  Still  |«». 
!ri'.)'il  J  <’t7.i/'ii'»!li  l*»,‘trr  *'  if  •  10  I  V*1'N1  ifAVilA  «UCIY 

stl  * «  1i  }■•:  .  ».'A,  |f  •  >  i.  !Ml 

A  i  l  '.li*.  »M-lt|V,Vl-JT  0»  *H.'.  I  ’.V 


ItNISH 

lUMAO  NNtSH 


CA 


<-'.M  4.it[  t*  •.»■ 
oiACf.  » 


.4  GC-»-*»A  7VW  r.  OA'.S  3 


|*IV.fN5«ON  »N  IMOt*  lOlFANCf.  AN  '.I 


NOMi  NAS- 't 

lit 401  >i  CODI 
MAlfl'Al  COM 
IlN'Ni  COM- 
GfNflAI  COM 
(KAMPirS 

AAAIMiAl 

#*N.SH 

VJRFACt  FINISH 


I  tt<  MIA  A'lJ.f  tip-.  '  wish  OH'S** !  MA  WHIP*!  CC3 

7 "•' / 1  in;  i.'i"  n  •  ... 

:  I1  RA'i'ff.  :  •  /  a  l  vfN  /  /  'f  ir-  it  ».«r*  A»U  PL/t.NG. 

3  7mIM  IJ'.HIN;.!  »j  *'  '•  'UNl-fO  AO*  Hifc'.rji,  li*|  AttlMliT. 

I!  H  >  •!  *f  (f  lit  t*  I* :  I'l'MI  ,  AN"  IO?  N.'S  Of  AN  IN'  M 
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Comment:  Load  life  curve  should  be  distributional  for  design 
for  reliability  usage.  Engineering  strength  data  should  be 
presented  in  statistical  terms  (parameters) . 
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Comment:  Load  life  curve  should  be  distributional  for  design 
for  reliability  usage.  Engineering  strength  data  should  be 
presented  in  statistical  terms  (parameters) . 
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CHAP  6  -  AIRFRAME  BEARINGS 
SECT  CF  -  BEARING  CHARACTERISTICS 
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AFSC  DH  2-1 
DN  6F2 


SUB -NOTE  6(4)  Flanged  Press-Fit  Bushings  (NAS538) 
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Comment:  Load  life  curve  should  be  distributional  for  design 
for  reliability  usage.  Engineering  strength  data  should  be 
presented  in  statistical  terms  (parameters)  . 
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CHAP  6  -  AIRFRAME  BEARINGS 
SECT  6F  -  BEARING  CHARACTERISTICS 


AFSC  DH  2-1 
DN  6F2 


SUB-NOTE  6(5)  (Sheet  2  of  2  Sheets)  TFE-Lined  Bushings  (MS21240)  ! 
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Comment:  Load  life  curve  should  be  distributional  for  design 


for  reliability  usage.  Engineering  strength  data  should  be 
presented  in  statistical  terms  (parameters) . 
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DN  6F2 


CHAP  6  -  A  INFRA  MB  BEARINGS 
SECT  6F  -  BEARING  CHARACTERISTICS 
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CHAP  6  -  AIR  FRAME  BEARINGS 
SECT  6F  -  BEARING  CHARACTERISTICS 


AFSC  DII  2-1 
DN  6F2 


SUB-NOTE  6(G)  (Shout  2  oi'  2  Sheets)  TFE-Lined  Flanged 
Bushings  (JVIS'21241) 
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AFSC  Dll  2-1 
DN  GF2 


CHAP  (i  -  AJR FRAME  BEARINGS 
SECT  GF  -  BEARING  CHARACTERISTICS 


SUB-NOTE  7(1)  Solid  Shank  Ball-Bearing  ltod  Ends  (MS211?#R 
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Comment:  Load  life  curve  should  be  distributional  for  design 


for  reliability  usage.  Engineering  strength  data  should  be 


presented  in  statistical  terms  (parameters) . 
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AFSC  DH  2-1 
DN  6F2 


CBM’  -  AIRFRAME  BEARINGS 
SECT  CF  -  REARING  CHARACTERISTICS 


Comment:  Load  life  curve  should  be  distributional  for  design 
for  reliability  usage.  Engineering  strength  data  should  be 
presented  in  statistical  terms  (parameters) . 
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CHAP  6  -  AIR  FRAME  BEARINGS 
SECT  Cl*’  -  BEARING  CHARACTERISTICS 


AFSC  DH  2-1 
DN  6F2 
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Comment:  Load  life  curve  should  be  distributional  for  design 
for  reliability  usage.  Engineering  strength  data  should  be 
presented  in  statistical  terms  (parameters) . 
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Comment:  Load  life  curve  should  be  distributional  for  design 
for  reliability  usage.  Engineering  strength  data  should  be 
presented  in  statistical  terms  (parameters) .  I 


65 


AFSC  L)H  2-1 
DN  6F2 


SUB -NOTE 


CHAP  C  -  AIRFRAME  BEARINGS 
SECT  OF  -  BEARING  CHARACTERISTICS 


7(G)  Internal  Thread  Roller-Bearing  Rod  Ends  (MS21220) 


W - I  - «■! 


|  j 

-♦i  •  h 


/ninvTi  t  run  •/• 

m.  «r  t.  .v.«  Mil 


/- 

i 

TTT 

T 

M 

i 

■  r 

/  I  IHM!  1  -V' 

fP.SM 

[  A 

p  a  h  iM 

•Olv 

t  ,c  1 ' 

Hi  . 

I', 

•  *  A  *  •  *  4  c 

•  14! 

NO. 

W'N 

•Ani 

»>y. »  i*  »f  ad 

./».•  l-  -  -  —  j— . ■ .. 

»•'  a 

1* 

. 1 . 

./  ' 

1  1 

j  'A'  |  A  'If.* 

4.-.V.-C. 

4 

,i 

i 

1.^  !  j  <-?4 

c.v 

.1 

---j 

.s 

i  "  •  j  J 1 

t:  * 

j 

5 

:y  J 

.>’2> 

?  V 

1 

».TI 

-.j- 

4. 

”  | 

A 

j:. 

iy 

Li  -  I?  u 

i±2J 

LLJ 

±  . 

'■v' 

1 _ 

I  ■■■•  i 

L_l„  J 

1H fS!  «*A*INGSA«l  Sfl»**lk.NING  fOI  IT*  IN  IP<U  MAiCllOM. 

w.’fPiAi:  in* if*  a  no  ant  tourr  fW’W.  rr 

CHl'f*  *l’«6  tOMNP.  41  C,  MT.'4'A.,  4:  >. ,  MR  S?4?l,  *>.*;.  MR. |v.  I.X'  ftf>-SH»-J* 
AlATlNC.;  AU  MW  IA'  51|fl  'MirACf',  t  .'IM  fMf  C«»  IN-r»  t  *»Ci,  0^-r-4IA,  T.Pl  I,  Cl/'.  ? 
(MWPNSIONV  TO  It  Mil  *n(l  AiAHNC 

SUiMCI  iCK'CMNf'.s-  tArewAYS  ,  toucr;  accc.*-  a.*«c«  t-.c  v;? 

KIMOt/i  lUkC  ANC  SHAW  tnc.ft 

INlftNAl  flfAfANCE:  *AMAl  \T(2  TO  .01.10,  A/.IAl  _i>U  TO  .0** 

I'HflCANT  lf>!NTl»ICATK)N:  AGP  A*P»0NIATC  S  IfllX  U’  lf  * C *  I*  B-'Alf  TYPE  0»  I'JVCANT 
a  ‘  mr-c-?v77  r  **•;  cos  v 
C  *  MH -O -£  !L‘.  f 

(o)  AfX*  SIRH*  IftTI*  r  NAM'.*  *  HGM'Np 

Atlfl  SUffIX  IfTTf*  L  KH-N  II 1  T  NANO  TH»l*  •  I >  «IC  R  lO 

ago  suffix  imp  ovkHtN  t'jf'iCATor  fit  u-tu  *a*i: 

iXAMPlf  Of  MU  NUMlrI-  MSfl7.ffi.4AU  •  I'.AHNO,  POP  INT,  nilf»,  Olf-AlK’.Ni-U..,  INTf^Al 

.HX  %Ott,  WilH  Mll.O-:.tA?7  L'JtY. '  AN  1 , f « AS  51  >  »fW.*Y,  U‘»  MANP  lM<*  AO 

DIMfNSlONS  IN  INCHES  (JKIFSS  OTMfMRSf  VfClMH* 


I 


I 


Comment:  Load  life  curve  should  be  distributional  for  design 

for  reliability  usage.  Engineering  strength  data  should  be 
presented  in  statistical  terms  (parameters) . 
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Comments  Load  life  curve  should  be  distributional  for  design 
for  reliability  usage.  Engineering  strength  data  should  be 
presented  in  statistical  terms  (parameters) . 
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Comment:  Load  life  curve  should  be  distributional  for  design 


for  reliability  usage.  Engineering  strength  data  should  be 


presented  in  statistical  terms  (parameters) . 
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Comment:  Load  life  curve  should  be  distributional  for  design 
for  reliability  usage.  Engineering  strength  data  should  be 
presented  in  statistical  terms  (parameters) . 
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Comment:  Load  life  curve  should  be  distributional  for  design 
for  reliability  usage.  Engineering  strength  data  should  be 
presented  in  statistical  terms  (parameters) . 
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Section  6g  -  Bearing  aDplication  for  reliability. 


1.  Parameters  for  life  and  reliability. 

Parameters  for  calculation  of  ball  and  roller  bearing 
performance  are: 

(1)  The  basic  load  rating,  C,  defined  as  the  load  that 
90  percent  of  a  group  of  aoparently  similar  bearings  will 
endure  for  1,000,000  revolutions  of  the  inner  race. 

Note  that  it  has  been  found  experimentally  that  life  "L" 
varies  inversely  to  the  "a"  power  of  the  load  "C"  (L<C  ) , 
Values  of  "a"  varies  between  3  and  4 ;  3  is  recommended  for 
ball  bearings  and  10/3  for  roller  bearings.  Note  that  for 
”a"  =  3;  if  the  load  is  halved  the  life  increases  by  a 
factor  of  8. 

(2)  The  median  life  of  a  group  of  bearings,  defined 
as  the  life  resulting  in  a  50  percent  survival  rate. 

(3)  The  rating  or  catalog  life,  L1r>,  defined  as  the 
life  resulting  in  a  90  percent  survival  rate. 

Note  that  if  given  a  rated  load  for  50  percent  survival  "Lc;o" 
(median  life),  the  relationship  which  may  be  assumed  with 
Lio  median  life  is  that  L^q  5L^q. 
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2.  Bearing  failure  distribution. 


The  resuLts  of  standard  calculations  for  life  and  load 
involving  various  catalogue  factors  are  characterized 
by  a  high  degree  of  conservatism  and  the  validity  of 
results  is  supported  by  a  very  large  amount  of  data 
and  experience. 

The  usual  assumption  is  that  bearing  failures  are  fatigue 
failures.  Since  the  latter  are  random  in  nature,  they 
will  follow  one  of  the  statistical  failure  distributions. 
The  distribution  found  most  applicable  is  the  Welbull  curve 
expressed  by  the  relation 


where  Ps  =  probability  of  bearing  survival  without 
failure  for  a  given  time 
t  =  time 

B  -  multiplier  for  design  life  in  hours,  a  constant 
b  =  Weibull  function  exponent 

If  b-l,  the  Poisson  equation  results 
The  Weibull  curve  is  established  with  the  coordinates 
of  failure  percent  (ordinate),  and  the  ratio  of  operating 
time  to  the  B^q  design  life  (absicissa).  The  two  ordinate 


J1 


2 


values  are  available  from  catalogue  data  on  life,  Ps  -  0.90 


and  Ps  =  0.50;  and  two  corresponding  abscissa  values  known 
for  each  ordinate. 

3.  Determination  of  bearing  reliability. 

Many  manufacturers  and  the  USAS  I  Standard  B3.ll  give  the 
ratio  of  median  to  design  life  as  5/1,  but  data  from  the 
National  Bureau  of  Standards  (3)  indicate  the  acceptable, 
but  slightly  less  conservative,  value  of  4.08/1.  The  two 
curves  are  drawn  as  in  Figure  1.  Then  the  probability  of 
survival  of  the  bearing  for  which  the  median  life  of  5 
(or  4.08)  times  the  B^q  design  life,  d,  has  already  been 
determined,  is  given  as 


J  =  (9.49  logePs)  °'746  for  £  -  4.08  B1Q 

_ _ _  (2) 

and 


t  0.856 

j  -  (9.49  loge  Ps) 


for  -j-  =  5.00  B10 


(3) 


3 


(4) 
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4.  Determination  of  design  life. 

Normally,  the  reliability  Ps  and  the  required  time  t  are 
known.  The  curves  of  Figure  1  and  Table  1  are  set  up 
for  convenience  in  determining  the  design  life. 


TABLE  1  Ratio  of  Operating  Time  to  Bit  Design  Life  for  Varioui 
Probabilities  of  Survival 


Probability 
of  Survival 
for  Time  / 

P. 

Ratio  of  Operating  Time  to  Design  Life 

tjd  for  median 
life  -  4.084 

tjd  for  median 
life  -  5 d 

0,995 

0.1030 

0.0740 

0.99 

0.1785 

0.1395 

0.98 

0.2910 

0.2440 

0.97 

0.396 

0.3460 

0.96 

0.492 

0.4445 

0.95 

0.584 

0.5405 

0.94 

0.672 

0.6341 

0.93 

0.756 

0.7261 

0.92 

0.840 

0.8191 

0.91 

0.921 

0.9101 

0.90 

1.000 

1.000 

0.85 

1.383 

1.450 

0.80 

1.750 

1.900 

0.75 

2.120 

2.364 

0.70 

2.435 

2.835 

0.65 

2.860 

3.331 

0.60 

3.250 

3.850 

0.55 

3.600 

4.340 

0.50 

4.080 

5.000 

0.45 

4.540 

5.650 

0.40 

5.03 

6.345 

0.35 

5.56 

7.150 

0.30 

6.16 

8.040 

0.25 

6.84 

9.040 

0.20 

7.65 

10.06 

0.15 

8.64 

11.80 

0.10 

10.00 

14.00 

0.05 

12.40 

17.55 

0.01 

16.40 

25.15 

souacc:  E.  Schube  (  4  ],  Table  1. 
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Another  common  requirement  is  the  re1  at  ion  of  the 
reliability  and  equivalent  radial  load  at  required 
life,  to  the  catalog  tabulation  of  basis  load 
ratings . 

The  Weibull  equation  in  the  following  form  permits 


evaluat ion , 


For  a  ratio  of  median  to  rating  life  of  5,  and  Ps  -  0.50 
and  0.10,  9  has  been  evaluated  as  6.84  and  b  as  1.17. 

For  ball  bearings,  a  -  3.00;  for  roller  bearings,  a  =  3.33. 
Then  Equation  (5)  becomes: 
for  ball  bearings, 


Re  _  1.303 

G  ~  0.333 


L  \  0.285 

Ps*) 


(6) 


for  roller  bearings 


Re 

G 


1.730 

oTT 


(Ln  “k) 


0.257 


(7) 


These  relations  are  plotted  in  Figures  2,  (a)  and  (b) 
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Fi«.  2  Life  curves  for  anti-friction  bearings,  (a)  Hall  bearings;  tb>  Holler  bearings.  From  C.  Mischke  I  S  J,  Figs.  1,  2. 
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COMMENTS  TO  AFSC  DH  2-X 

i1 

5.  ELECTRICAL 'ELECTRONIC  SYSTEMS  CHECKLIST 

5 .  L _ System  Design 

5.1.1  When  redundant  systems  are  provided,  are  the 
systems  separated  as  far  as  possible  to  avoid 
loss  of  both  systems  from  a  single  failure 
or  gunfire;’ 

5.1.2  Will  failure  of  any  component  or  assembly  result 
in  additional  failures?  If  so,  what  are  the 
effects 

5.1.3  Have  the  effects  of  variation  in  power  supply 
on  the  system  been  investigated? 

5.1.4  Are  system  circuit  tolerances  adequate? 

5.1.5  Are  circuits  designed  to  prevent  shorts 
caused  by  high  voltage  and  overloads? 

5.1.6  Have  interlocks  been  provided  where  necessary? 

5.1.7  Is  circuit  stable  over  entire  operating  range? 


1 


ChaDter  1  -  Airframe 

Section  IB  -  Detail  Design 


AFSC  DH  2-X 
DN1B2 


5.1.8  Is  a  means  of  detecting  improper  operation 
incorporated? 

5.1.9  Are  all  external  parts  at  ground  potential? 

5.1.10  Are  systems  electrically  deactivated  during 
functional  checkout  to  prevent  inadverent 
operation  ? 

5.1.11  Is  each  piece  of  equipment  in  the  system  com- 
patible  with  associated  equipment  from  a 
system  viewpoint? 

5.1.12  Are  effects  of  electromagnetic  interference 
minimized? 

5 . 2 _ Component  Installation 

5.2.1  Are  mounting  brackets  rigid  enough  to  prevent 
excessive  deflection  at  limit  load  and  strong 
enough  to  prevent  fatigue  under  repeated  loads? 

5.2.2  Have  cantilever  mountings  been  eliminated  where 
possible? 

5.2.3  Has  the  equipment  center-of -gravity  location 
been  considered  in  designing  shock  mounts 
for  each  equipment  item? 
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5 . 2  .4  Will  shock  or  vibration  mounts  support  the 
weight  of  the  equipment  during  shock  or 
vibration  conditions  without  bottoming;’ 

5.2.5  Have  vibration  mounts  been  protected  from 
deterioration  due  to  exposure  to  hydraulic 
fluid,  fuel,  etc.;’ 

5.2.6  For  equipment  items  which  use  leads,  have  lead 
weight,  length,  thermal  expansion,  supplementary 
supDort,  bend  rate,  and  other  mounting  considera- 
tions  been  evaluated 7 

5.2.7  Have  installations  been  designed  to  prevent  dam- 
age  to  components  during  removal  or  replacement 
of  components? 

5.2.8  Have  installations  been  designed  such  that  it  is 
impossible  to  install  parts  improperly  or  to 
insert  the  wrong  plug  into  a  receptacle? 

5.2.9  Are  components  and  assemblies  which  are  mounted 
in  areas  subject  to  adverse  environmental 
conditions  either  sealed,  protected  by  sealed 
covers,  or  mounted  in  such  a  way  that  water, 
fuel,  and  dirt  cannot  enter  the  unit? 

5.2.10  Have  water  traps  formed  by  brackets,  components, 
shelves,  etc.,  been  eliminated? 
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5.2.11  Are  lock  washers  of  a  type  which  can  break 
through  protective  films? 

5.2.12  Are  locking  features  provided  for  all  critical 
connections? 

5.2.13  Are  indexed  assemblies  required  and  provided  for? 

5.2.14  Have  suitable  designs,  processes,  and  finishes 
been  specified  to  protect  against  corrosion? 

i 

5.2.15  Have  dissimilar  metal  interfaces  been  avoided? 

5.2.16  Has  the  possibility  of  finish  flaking  been 
considered  ? 

5.2.17  Are  all  materials  satisfactory  for  the  tempera- 
ture  range  expected? 

5.2.18  Is  moisture  protection  provided  where  necessary? 

5.2.19  Are  all  materials  fungus -resist ant  or  inert? 

5.2.20  Are  electrically  conductive  finishes  provided 
where  necessary? 

5.2.21  Has  full  consideration  been  given  during 
initial  design  to  the  effect  that  heat 
dissipated  by  heat -producing  equipment 

will  have  on  other  components? 

»  - 
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5.2.22 

Is  volume  of  air  flow  adequate  to  cool  heat- 

producing  equipment? 

5.2.23 

Is  air  flow  to  heat -producing  equipment  free 

of  interference? 

5.2.24 

Is  air  flow  prevented  from  escaping  through 

lightening  and  access  holes? 

5.2.25 

Are  critical  items  located  to  receive  best 

air  flow? 

5.2.26 

Where  forced  air  cooling  is  used,  are  suitable 

dust  filters  incorporated? 

5.2.27 

Will  battery  leakage  cause  damage? 

5.2.28 

Are  electrical  components,  wires,  insulation, 

and  cables  mounted  in  such  a  manner  that  they 

will  not  become  overheated  by  the  engine? 

5.2.29 

In  determining  clearances  between  structure 

and  equipment,  have  the  effects  of  airframe 
and  support  deflections,  vibration,  tolerance 
build-up,  wear,  etc.,  been  considered? 
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5.2.30  Are  equipment  items,  wire  bundles,  and  cables 
located  such  that  they  cannot  be  used  as  steps 
or  handholds?  If  not,  are  they  strong  enough  to 
withstand  this  use? 

5.2.31  Are  bonding  requirements  adequate  to  give  a 
good  conductive  path  for  electrical  assemblies? 

5.2.32  Are  mating  metal  surfaces,  which  are  required  to 
be  clean,  properly  identified  on  drawings? 

5.2.33  Are  connector  installations  adequate  to  with¬ 
stand  the  stresses  produced  by  high  cable 
weight  and  by  coupling  and  uncoupling  of  the 
connectors? 

Relays  and  Switches 

5.3.1  Are  relays  not  hermetically  sealed  protected 
from  freezing  during  altitude  cycling? 

5.3.2  Will  contacts  resist  chattering  due  to 
vibration? 

5.3.3  Are  adjustments  for  relay  contact  gaps 
(power  circuits)  protected  from  misadjustment 
due  to  vibration  and  improper  maintenance? 

1.G3-- 
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5.3.4  Has  an  arc -suppression  network  been  installed 
across  the  contacts  to  absorb  the  magnetic 
surge  and  reduce  contact  failure? 

5.3.5  Vibrational  forces  can  induce  rotational 
movement  of  the  coil  bobbin  and  result  in 

lead  wire  breakage.  Has  adequate  consideration 
been  given  to  prevent  excessive  movements  of 
relay  part? 

5.3.6  Have  the  contacts  been  sealed  or  isolated  from 
contaminating  vapors  and  organic  materials? 

5.3.7  Does  the  switch  configuration  lend  itself 
easily  to  positive  actuating  and  release 
action? 

5.3.8  If  transient  suppression  components  are  used 
within  a  sealed  unit,  will  the  internal 
operating  temperature  have  any  degrading 
effect  on  the  suppression  component? 

5.3.9  Are  the  terminals  of  a  sealed  unit  adequately 
identified  to  prevent  the  possibility  of 
misapplication  of  coil  polarity  voltage? 

5.4  Cables  and  Wiring 

1  b  4‘~ 
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5.4.1  Is  protection  of  wires  and  cables  passing 
over  and  through  partitions  or  through 
lightening  holes  adequate  to  prevent 
isulation  wear  and  breakage  due  to  wires 
rubbing  on  metal  surfaces? 

5.4.2  Will  slack  in  cables  or  wires 

(a)  Allow  structural  flexing  or  temperature 
expansion? 

(b)  Eliminate  stretching  and  pulling  of  wires 
or  cables  when  disconnecting  and  connecting 
service  subassemblies? 

5.4.3  Has  decomposition  of  insulating  materials  been 
considered  ? 

5.4. 4  Will  all  clamps  used  in  supporting  cabling 
withstand  the  vibration  environment  in  which 
they  are  to  be  used  and  not  damage  wire 
insulation? 

5.4.5  Is  insulation  or  cables  or  proper  design  and 
material  to  withstand  damage  from  water, 
abrasives,  footsteps,  vehicles,  and  other 
abuse  when  laying  on  the  ground  or  floor? 
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